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THE APPEARANCE OF HYPERPHORIA IMMEDIATELY 
FOLLOWING PARTURITION—A CASE REPORT* 


Marian K. Eakin and Robert S. Eakint 
Los Angeles, California 


HISTORY 

Since the age of twelve, this patient had been an asthenopic 
esophoric myopic astigmat. Her symptoms, associated with the use 
of any corrective lenses, had been frontal headaches and injected con- 
junctivae after any classroom work, movies or driving. She was able 
to read without any lenses for hours at a time with complete comfort. 
Visual training, plus lenses at near (either as a bifocal or as a reading 
lens), and correction of the refractive error as prescribed by a number 
of examiners at various times gave only varying degrees of discomfor: 
—never complete comfort. While in college, the asthenopia increased 
to the extent that headaches became a daily occurrence. An aniseikonic 
examination proved negative. 

The day following the birth of her first child in 1950, the patient 
complained of extreme ocular discomfort and blurred vision at all 
fixation distances with or without lenses. There was no complaint of 
diplopia. Her physician felt that this was a temporary condition due 
primarily to fatigue. 

Fourteen days after the delivery, a complete visual examination 
was done. The refractive error was essentially the same as it had been 
in the past. However, right hyperphoria of three prism diopters as 
measured by the von Graefe technique and by the Turville Infinity 
Balance Test was disclosed. This same degree of hyperphoria was 
still present ten davs later. This amount of prism was incorporated 
into correction lenses which gave the patient momentary diplopia 
whenever the lenses were removed and discomfort reported as ‘‘a peculiar 
feeling’ for three days. There was no report of spatial distortion. 
Within a week, the ocular headaches had disappeared and for the first 
time since starting to use corrective lenses, the patient reported complete 
ocular comfort for all activities. 


*Read before the First Western Regional Meeting of the American Academy of Optom 
etry, Berkeley, California, April 11, 1954. For publication in the October, 1954, 
issue of the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN 
ACADEMY OF OPTOMETRY. 
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Four months later, an examination showed 4'4 A right hyper- 
phoria by the TIB and no appreciable refractive change. Since the 
patient was still comfortable, no new lenses were prescribed. 

Eleven months later, there was a recurrence of ocular headaches. 
The TIB showed 5A right hyperphoria and still no refractive changes. 
4'\4 A, were prescribed. The patient reported the cessation of her head- 
aches within three days. 

For the next two years, the only refractive changes were in the 
axes of the astigmia while the hyperphoria increased to 6A. There 
was no lens change, however, as the patient was still free of symptoms. 
In the past, daytime driving and more particularly night-time driving 
had always resulted in frontal headaches and injected conjunctivae: 
this was no longer true. 

It is interesting to note that the birth of a second child three 
years after the first, did not cause similar changes. Both deliveries were 
similar—the anesthetics were scopolamine administered intravenously 
and ether by inhalation, the same obstretrician was in attendance, and 
there were no complications either time. 

In December, 1953, approximately eight months after the second 
parturition, the patient complained of frontal headaches and feeling 
“cross-eyed."’ There was no complaint of blur, and the only significant 
health factor was a severe sinusitis a month before the onset of the 
asthefiopia. There was no medication prescribed as the patient is 
allergic to most antibiotics. (At this point it would be well to men- 
tion that this patient has a past history of allergic difficulties and chronic 
sinusitis also associated with typical sinus headaches. Therefore, she is 
peculiarly adept at describing symptoms, and the type and location of 
headaches. ) 

At this time the visual examination disclosed three-quarters of a 
diopter more myopia in the right eye, one-half diopter more myopia 
in the left, and a decrease in the hyperphoria to 2'4 A right. The 
patient was given new correction lenses, incorporating these changes. 
She reported extreme discomfort for all activities and a feeling of objects 
appearing too small. After two weeks of constant discomfort, an 
examination showed the same refractive state but now the right hyper- 
phoria had increased to 4A. This time the lenses prescribed were 
+ 0.25 D. S. over the subjective and 314 A base-down. This correction 
resulted in complete comfort within one day. At the progress report 
in February, there was 3'4 A right hyperphoria by both the von 
Graefe technique and the TIB. The patient is still enjoying complete 
ocular comfort for all activities including at least two to four hours of 
reading daily. 
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PARTURITION—-EAKIN & EAKIN 


HYPERPHORIA FOLLOWING 


DISCUSSION 

Duke-Elder' says the etiology of hyperphoria can be ‘*. . . muscular 
anomalies of insertion, paresis or spasm.’’ Ogle and Prangen,* by 
means of a fixation disparity test, differentiated subjects into those 
who can compensate for vertical prism up to 6A and show no change in 
their vertical prism vergences and those who merely accepted the prisms. 
They also discussed a compulsion-to-fusion reflex. 

As to treatment, Duke-Elder,' Gibson,‘ and Giles® agree that the 
first step is “‘full correction of the refractive error, the appropriate 
spectacles being worn constantly.’’ Secondly, elimination of central 
suppression and full development of stereopsis by orthoptics although 
this has limited value. And thirdly, relieving prisms. (The authors 
do not follow this order; in fact, quite frequently, vertical prism is 
incorporated into the first prescription.) Duke-Elder' says “‘prisms of 
less than one prism diopter are rarely required.’’ Ogle and Prangen* 
says ‘‘clinically speaking, if small hyperphorias were thought to be 
the cause of symptoms, they were corrected by prisms, even though 
the vertical prism vergences were equal and normal.” 

The authors have found that vertical prism vergences quite frequ- 
ently appear equal, but upon retesting, especially with the Turville 
Infinity Balance Test, show an inequality. Morgan’ has recommended 
prescribing the full amount of vertical prism for a left hyperphoria 
and cutting it a half-prism diopter for right. Duke-Elder' also recom- 
mends reducing the vertical prism prescribed by a half-diopter but he 
does not differentiate between left and right hyperphorias. 


SUMMARY 
It was felt that this patient with asthenopia and myopic astig- 
matism merited some interest because of the extensive records available 
for the past eighteen years, because of the severe asthenopia for fourteen 
years prior to the hyperphoric correction, and the complete comfort 
since (except when the hyperphoria varied). It is also interesting to 
speculate on the possible causes for the changes in hyperphoria and the 
attendant symptoms. The authors are not suggesting childbirth as a 
cure for asthenopia, but rather more careful measurements of the vertical 
phorias and the vertical prism vergences in those difficult cases too 
frequently classified as ‘problem cases.” 
6009 WEST BLVD., 
LOS ANGELES 43, CALIFORNIA 
REFERENCES 
1. Duke-Elder, W. Stewart. Text-book of Ophthalmology, Vol. 4, C. V. Mosby Co.. 
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AMERICAN ACADEMY OF OPTOMETRY 


JOHN WIGGINS FISHER TO SPEAK AT TORONTO 
ACADEMY BANQUET 

The speaker at the annual banquet of the American Academy of 
Optometry in Toronto, December 11-14, will be John W. Fisher, 
LL.D.—Lawyer, newspaperman, broadcaster, writer, these all describe 
Canada’s famous story teller. Hundreds of thousands throughout 
Canada recognize his voice and distinctive style. As a result, he is in 
great demand as a speaker throughout this continent. 

His background is as Canadian as the man himself. His forbears 
came to New Brunswick in the 1780's as United Empire Loyalists and 
distinguished themselves in Church, State and Industry. 

Born in Sackville, New Brunswick, in 1913, John Fisher was 
educated at Rothesay Collegiate Institute for Boys, New Brunswick, 
and graduated in Law from Dalhousie University, Halifax. Admitted 
to the Bar of Nova Scotia, Mr. Fisher first worked on the famed 
“Rowell-Sirois’’ Royal Commission. Next he turned to the ‘fourth 
estate,’ gathering experience as a reporter on the St. John Citizen and 
later the Halifax Herald before entering the radio field. 

Since his first CBC Coast-to-Coast broadcasts in 1943, he has 
gained increasing popularity and stature as a Canadian interpreter. 
Winner of the Beaver Award for “Best Canadian Commentator’ John 
Fisher also had been twice awarded the LaFleche Trophy for ‘‘Distin- 
guished Contribution to Canadian Radio.” 

John Fisher's career is Canada, her way of life, her relationship in 
the world. He has become a Canadian Institution and the Academy is 
privileged to welcome him at its coming banquet in Toronto.* 


*For list of scientific and clinical papers see Current Comments department in this issue. 
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ACCOMMODATIVE RESPONSE IN ASYMMETRIC 
CONVERGENCE * 


Richard W. Spencer? 
Visalia, California 


and 
W. Keith Wilsont 
Victoria, British Columbia 


INTRODUCTION 

The possibility that the two eyes may respond differently to un- 
equal accommodative stimuli has been discussed for many years. 
Usually two approaches have been made to the investigation of this 
problem. The first has been to study accommodation in response to 
unequal stimuli in the mid-sagittal plane. The second has been to 
measure accommodation in asymmetric convergence, where the differ- 
ence in distance to the entrance pupils should be associated with a 
different accommodative stimulus to the two eyes. 

Fick' believed he was able to accommodate unequally when 
reading small print with a +1.00D.S. and with a —1.00D. S. 
before one eye. Hess and Neuman? believed that they were not able to 
compensate for a stimulus difference of as little as 0.12 O. S. Grimm* 
repeated Hess and Neuman's work and concluded that he was able to 
accommodate unequally for a difference in refraction of about 1.50 D. 
He also repeated the experiment with like results when the stimuli were 
at unequal distances. Using a haploscope Stoddard and Morgan* con- 
sidered monocular accommodation possible, but found that the re- 
sponse was always less than the stimulus. According to these investiga- 
tors unequal accommodation may occur to the extent of 0.50 D., yet 
0.12 D. was found to be the average for stimuli from +0.25 D. to 
+ 1.00 D. Ball® found the mean difference in unequal accommodation 
by adding lenses before one eye and determining the response retino- 
scopically for the other eye to be 0.106 D. and subjectively to be 
0.213 D. Goldman* measured accommodative response in a number 
of subjects when one eye was partially paralyzed with a cycloplegic. 
He used a modification of Scheiner’s experiment. The results indicated 


*Read before the First Western Regional Meeting of the American Academy of Optom- 
etry. Berkeley, California, April 10, 1954. For publication in the October, 1954, 
issue of the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN 
ACADEMY OF OPTOMETRY 

tOptometrist. 
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to him that the law of equal innervation which applies to the extra- 
ocular muscles also applies to the ciliary muscles at least for symmetric 
convergence. 

It has been presumed for some time that differences in size between 
the retinal images of the eyes may arise in asymmetric convergence be- 
cause the object fixated will be at a different distance from the two eyes.* 
With this size difference it would be expected that binocular stereo- 
scopic spatial localization might be distorted; nevertheless, in the 
normal use of the eyes no apparent difficulties arise in the act of looking 
to one side. One of the possible compensating processes suggested by 
Ogle is an actual change in the dioptric system of the eyes. His experi- 
ments suggested, however, that if differences in accommodation occurred 
they were too small to account for the effect. Rosenberg, Flax, Brod- 
sky, and Abelman,* on the other hand, found marked differences in 
accommodation for the two eyes in asymmetric convergence (for 20° 
asymmetrical convergence of the order of 1.00 D.) which was even 
in excess of the differences in the stimuli. These investigators suggest 
that the differences between their results and those obtained by Ogle® 
were due to the differences in the experimental arrangement. The 
present experiments were designed to test this possibility.* The experi- 
mental arrangement was such as to attempt to duplicate that of Rosen- 


berg, Flax, Brodsky and Abelman as closely as possible. Further experi- 
ments were carried out in which the differences in accommodative re- 
sponse were measured in different monocular version positions. 


APPARATUS 

The haploscope used in these experiments is illustrated in Figure 1. 
The Badal optometer consists of a light source and an aperture of 
0.5 mm. diameter which moves along the optical axis of the lens C. 
This tract is calibrated with a scale S. It is assumed in these experi- 
ments that the position of the light source (stigmatoscope target) 
when it is seen at its smallest possible diameter represents the optical 
point of conjugacy of the eye. The optical accommodative response 
was calculated from this measurement. 

The lens wells, B, are located at the spectacle plane, 14 mm 
from the corneal apicies. To each side of these wells (not shown) are 
corneal aligning devices which consist of hair line sights. The subjects 
head is held in a chin cup and rests against a forehead bar. The arms 
rotate about a point 13 mm. behind the corneal apicies which approxi- 
mates the centers of rotations for the observer's eyes. 


*The writers wish to thank Dr. Mathew Alpern of the College of Optometry for his 
invaluable assistance in the preparation of this manuscript. 
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L 
FIGURE 2. 


Z 


The fixation target consisted of the letter E, six in number, in 
line and in close approximation. These letters were 0.85 mm. high, 
located in the center of a white card 8” x 14”. The target was attached 
to a stand which could be moved in an arc of 25 mm. radius from the 
mid-point of the spectacle plane. The degrees of asymmetric convergence 
should be read from a scale on the haploscope. The target had a lumin- 
ance of 75 foot-lamberts. 


PROCEDURE 

Iwo experienced observers were subjects in this experiment 

The instrument was adjusted so that the centers of rotation for the arms of the 
haploscope coincided with points 13mm. behind the apicies of the corneas on the 
optical axes of the lenses in the manner previously described 

Before each set of readings was taken the subject was allowed to view the fixation 
target for a period of thirty seconds during which time he was asked to place the 
stigmatoscope targets to the right and left sides of the fixation target by adjusting 
the arms of the instrument 

The following sets of measurements were made: 

1. With the fixation target in the mid-sagittal plane 25cm. from the midpoint 
of the spectacle plane, the subject was instructed to move first the right then the left 
stigmatoscope targets to the position of maximum clarity and minimum size while 
keeping the fixation clear. Five readings were made at this level, utilizing the psycho 
physical method of average error, and in a similar manner with the following lenses 
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in the lens cells: +0.50D.S., —0.50D.S., +1.00D.S. and —1.00 D.S. in that 
order. Thus a total of 25 readings were obtained for each eye. 

Il. The entire procedure was then repeated with the fixation target positioned 
20° to the left at a distance of 25 cm. from the center of the spectacle plane. With 
an occluder inserted between the left eye and the fixation target such that the stig 
matoscope target could still be viewed by the left eye the procedure was repeated. The 
right eye was then occluded in a similar manner and the procedure repeated 

Ill. The fixation target was moved to a position 20° to the mght of the mid 
sagittal plane with the distance of 25 cm. maintained and the entire procedure out 
lined in II. was repeated. 

The above measurements were made without interruption for both subjects. 


RESULTS 

Table I shows the differences in accommodation for binocular 
fixation in the mid-sagittal plane. Plus means that the right eye accom- 
modated more than the left and minus means the left eye accommo- 
dated more than the right. The mean differences from Table | were 
used in all subsequent measurements to correct the differences obtained. 
The greater response for both observers was with the sighting eye. 

Table II is similar to Table I but for positions of 20° right and 
left asymmetric convergence. The average mean difference for RWS 
was 0.13 D. and for WKW was 0.1375 D. The two subjecis re- 
sponded in different ways. For RWS the closer eye accommodated 
more while for WKW it accommodated less. The small values for the 
standard deviations indicate the reliability of the measurements. 


TABLE I 


4 S.D. 
RWS : 0.12 
WKW 0.03 

* + indicates right eye accommodated more than left eye. 


TABLE Il 


Differences in Accommodation for Binocular Fixation in Asymmetric Convergence 


Subject Direction of Fixation ; AA S.D 


RWS Right + 0.13 
Left — 0.13 
Right — 0.18 
Left + 0.09 


0.14 
0.08 
0.08 
0.07 


+ 


In Table III the differences in accommodation under conditions 
of monocular fixation in asymmetric convergence are given. For RWS 
the fixing eye always accommodated more and for WKW the fixing eye 
always accommodated less. This was found irrespective of the relative 
position of asymmetry to the fixing eye. These results suggest the 


Differences in Accommodation (A) for Binocular Fixation in the Mid-Sagittal Plane = 
Subject Difference in Accommodation in Diopters Standard Deviations is 
= 
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TABLE Ill 


Differences in Accommodation for Monocular Fixation in Asymmetric Convergence 


Subject Fixing Eye Direction AA S.D. 
RWS OD Right + 0.43 + Q.17 
OS “i — 0.17 + 0.16 
WKW OD — 0.17 + 0.09 
OS “ + 0.09 + 0.17 
RWS OD Left + 0.41 + 0.11 
OS _ — 0.22 + 0.07 
WKW oD 0.40 + 0.11 
OS + 0.06 + 0.12 


TABLE IV 


Differences in Accommodation for Monocular Fixation in Symmetric Convergence 


Fixing Difference in Standard 

Subject Eye Accommodation Deviation 

RWS OD + 0.37 + 0.06 
OS — 0.15 + 
WKW OD — 0.08 = 
= 


OS + 0.34 


possibility that differences in monocular fixation were more 
related to the position of the occluder than to the position of asymmetry. 
In order to test this possibility the experiment was repeated with 
monocular fixation in the symmetrical position. These data are given 
in Table [V. It is apparent that the same patterns are followed for 
each observer in symmetrical convergence as in asymmetrical convergence 
thus confirming the hypothesis. 

Calculation of the t values for each distribution showed that all 
of the differences obtained were statistically significant beyond the 
0.001 level of confidence. 


DISCUSSION 

With binocular fixation in asymmetric convergence the subjects 
responses were opposite. Subject RWS accommodated in a direction 
which would be predicted by stimulus differences, whereas, subject 
WKW accommodated in the opposite direction. Neither subject ap- 
proached the calculated difference in the stimulus to accommodation 
for the two eyes of 0.13 D. when viewing binocularly. 

Ogle® suggests the possibility that differences in the direction 
shown by RWS, who always accommodated more with the eye 
closer to the target, may indicate a compensation for unequal retinal 
image sizes rather than unequal stimulus distances.* However, he also 


*Although not stated by Ogle, two eyes accommodating unequally in asymmetric 
convergence may, if the one closer to the target is accommodating more, compensate 


ap 
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states that compensation for differences in retinal image sizes: ‘‘could 
not be due to a differential accommodation but that the changes would 
have to be of a more complicated nature.’’ He cites as evidence and ex- 
periment conducted by him which was very similar to the present 
one. A special haploscope was used with eikonic targets and small 
stigmatoscope lights for the detection of accommodative response. 
The distance of the target was 40 cm. but the degree of asymmetry was 
not given nor was the statistical significance of the differences obtained. 
However, the results showed for one observer that in either direction 
of asymmetric convergence, when the responses were corrected for diff- 
erences in the mid-sagittal plane, that the left eye accommodated more. 
These differences were; 0.14 D. to the right and 0.09 D. to the left. 
Since Ogle used 40 cm. as the fixation distance, his work is not quantita- 
tively comparable to the present results. The difference found with the 
two observers in this experiment was not much greater for 25 cm. 
than those found by Ogle for 40 cm. Neither observer showed differences 
which were in the same direction as that of Ogle for both left and 
right fixations. 

The previously mentioned work of Rosenberg, Flax, Brodsky 
and Abelman, which this study attempted to duplicate gave decidedly 
conflicting results. Using the method of stigmatoscopy they measured 
the responses at different times for fixation distances of 12 and 20 cm. 
and for positions of asymmetric convergence of 5°, 10°, 15° and 20°. 
The averaged results for two subjects showed differences greater than 
the calculated differences in the stimulus of approximately 0.47 D. 
The eye closer to the target always responded more than the other eye. 
It does not seem likely that the differences between results of these 
experiments and the present findings can be due to the differences 
in experimental design. It might be imagined that the differences be- 
tween Ogle’s results and those of Rosenberg, Flax, Brodsky and Abel- 
man were due to the differences in testing distances. This explanation 
cannot account for the present findings which, in spite of rather marked 
differences in testing distance, tend to confirm Ogle’s results. 

In an experiment not directly comparable to the present one, 


for the inequality in the image sizes produced by the difference in distance. Assuming 
that both eyes are “in focus’ for the object of regard and using the focal plane 
method of construction, it is apparent that increased accommodation would decrease 
the focal length of the system and thus decrease the image size. The validity of this 
would depend upon whether or not the positions of the principal planes remained 
the same. It can be shown'” that the dioptric changes in the eye during accommoda 
tion produce a negligible shift in the positions of the principal planes with respect 
to the decrease in focal length. Whether or not on a purely optical basis the obtained 
difference would be sufficient to produce this iseikonia was not determined but could 
be from the data available 
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Ripple '' found that for a group of 59 subjects, 43 showed an increase 
in the near point of accommodation on looking in and a decrease on 
looking out. Thirteen of these subjects showed no difference and the 
remaining three showed the opposite effect. It would follow that the 
difference in accommodative response for asymmetric convergence in 
the direction exhibited by WKW would be predicted by these data, if 
comparison is allowed. The behaviour of RWS would also be pre- 
dicted in accordance with the minority of Ripple’s subjects. 

Monocular fixation in asymmetric convergence produced differ- 
ences which seemed more dependent upon the eye fixing than the direc- 
tion of asymmetry. One observer always accommodated more with the 
fixing eye while the other always accommodated less. In general, 
larger differences were found under monocular conditions than under 
binocular conditions. 

If one assumes that the accommodative response is a direct indi- 
cation of the innervation to the ciliary muscle the law of equal inner- 
vation which is generally felt to be valid for these muscles, at least in 
symmetric convergence,'* is shown here to be only approximately cor- 
rect. For binocular fixation in asymmetric convergence, differences in the 
accommodative responses of the two eyes of slightly less than 0.20 D. 
occurred. However, with monocular fixation of a target in either 


symmetric or asymmetric positions slightly larger differences occurred. 
For the subjects in this experiment this difference was never larger 
than 0.50 D. 


SUMMARY 

Using a haploscope and the method of stigmatoscopy the accom- 
modative response differences were determined for two subjects in 
symmetric and asymmetric (20°) convergence at a distance of 25 cm. 
All differences were statistically significant. 

For binocular fixation in asymmetric convergence these differences 
were approximately 0.13 D. for both subjects and much less than the 
stimulus difference of 0.31 D. The responses were also opposite in 
nature with one subject accommodating more and the other accom- 
modating less on the side closer to the target. The greater differences 
of accommodative response in binocular fixation in asymmeiric con- 
vergence obtained by Rosenberg, Flax. Brodsky, and Abelman were 
not found in the present experiments. On the other hand, the results 
tended to confirm Ogle's findings. 

The monocular measurements for an asymmetrically localized 
fixation target showed opposite responses for the two subjects of 
even larger differences than found with binocular fixation which seems 
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to depend more on the fixing eye than on the direction of asymmetry. 
The implications of these findings for Hering’s law of equal innerva- 
tion are discussed. 


409 Ss. LOCUST ST., 

VISALIA, CALIFORNIA, AND 

956 GREEN ST., 

VICTORIA, BRITISH COLUMBIA, CANADA, 


REFERENCES 
Zoethout, W. D., Physilogical Optics, fourth edition, Chicago, Professional Press, 
1947, p. 76. 
Loc. cit. 
Grimm, R., ‘Ueber die Moglichkeit binakular ungleich zu akkommodieren, und 
iiker das Wesen der Akkommodation.”” V. Graefes Arch. Ophth., p. 131, 1933, 
Psychological Abstracts, Vol. 9, 1935, Worchester, Mass., American Psychological 
Association. 
Stoddard, K. B., and Morgan, M. W., ‘Monocular Accommodation,’ Am. J. 
Optom. and Arch. Am. Acad. Optom., Vol. 19, pp. 460-465, 1942. 
Ball, E. A.. “A Study in Consensual Accommodation,”’ Am. J. Optom. and 
Arch. Am. Acad. Optom., Vol. 29, pp. 561-574, 1952 
Goldman, H., Modern Trends in Ophthalmology, 2nd edition, New York, Lon- 
don; Paul Haeber, Inc., pp. 79-80. 
Ogle, K. N., Researches in Binocular Vision, Philadelphia and London, W. B. 
Saunders Co., p. 201, 1950. 
Rosenberg, R., Flax, N., Brodsky, B., and Abelman, L., ‘‘Accommodative Levels 
Under Conditions of Asymmetric Convergence,"" Am. J. Optom. and Arch. Am. 
Acad. Optom., Vol. 30, pp. 244-254, 1953. 
Ogle, K. N., “Relative Sizes of Ocular Images of the Two Eyes in Asymmetric 


Convergence," Arch. Ophth., Vol. 22. p. 73. pp. 1046-1067, 1937. 

Alpern, M., ‘Accommodation and Convergence with Contact Lenses," Am. J 
Optom., Vol. 27, No. 10, 1950. 

Ripple, P. H., ‘Variation of Accommodation in Vertical Directions of Gaze,’ Am. 
J. Ophth., Vol. 35, p. 16, pp. 1630-1634, 1952. 

Goldman, H., Loc. cit. 


ANNOUNCEMENT 


SCHOOL OPTOMETRIST MANUAL 

A new “School Optometrist Manual’ by Dr. George I. Deane, 
Jr., Merced, California, has just been issued. This manual is prepared 
for the purpose of providing ready reference to the material which is of 
importance to optometrists who are doing visual screening in schools or 
who serve the school systems in a professional advisory capacity. The 
cost of the manual is $2.50. Orders should be sent to the California 
Optometric Association, 1400 Tenth St., Sacremento, California. 
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THE EFFECT OF VEILING LUMINANCE UPON THE 
APPARENT BRIGHTNESS OF AN OBJECT* 


Glenn A. Fryt and Mathew Alpernt 
School of Optometry, The Ohio State University 
Columbus, Ohio 


INTRODUCTION 

The effect of a patch of veiling luminance superimposed on a 
bright object in a dark field was first reported by Pitt.’ He found that 
the veiling luminance instead of adding to the brightness of the object, 
actually reduces its brightness as measured by comparing it with an 
object seen by the opposite eye. 

This investigation has been undertaken to find out how such an 
effect can be produced. 


APPARATUS 

Figure | shows the apparatus used for the experiments described in 
the subsequent parts of this report. A and B represent the centers of 
the entrance pupils of the left and right eyes respectively. The diaphragm 
at E contains two rectangular openings (a and b) as shown in Figure 
2. A horizontal mirror, Y, permits each of the two eyes to observe 
the mirror image, Z’, of the bright point at Z. This mirror image, Z’, 
falls in the same plane as a and b and midway between them, as shown 
in Figure 2. The diaphragm, III, screens the field of view so that each 
of the two eyes can see the fixation point, Z’, but the right eye only sees 
the rectangular opening b, which constitutes the test object, and the 
left eye only sees a, which constitutes the comparison object. The 
penta prism, H, and the right-angle prism, G, are arranged in two 
tiers with the right-angle prism above the penta prism. The lenses, 
J and F, form an image, 2.2 mm. in diameter, of the small aperture at 
M. at the ceater of the entrance pupil, A, of the left eye. They also 
form an image, 2 2 mm. in diameter, of the small aperture at N in the 
center of the entrance pupil of the right eye. The hypotenuse face of 
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Fig. 1. Apparatus for investigating the effect of a patch of veiling luminance on the 
apparent brightness of an object. 


the right-angle prism reflects the beam from M to the left eye and 
the penta prism, by means of two internal reflections, directs the beam 


from N to the right eye. 

The beam-splitting prism, D, before the left eye serves no useful 
purpose except to make the optical distance between A and E equal to 
that between B and E. The beam-splitting prism, C, in front of the 
right eye to see the opening or openings in the diaphragm, U, which 
are illuminated by light from the small aperture, V, an image of which 
is focused by lens IV at the center of the entrance pupil of the right 
eye. The diameter of this image is 2.3 mm. The small aperture at 
V is adjustable in a vertical and horizontal direction so that its image 
can be made to fall exactly at the same point as the image of N. 


Fig. 2. Pattern for investigating the effect of a patch of veiling luminance. 


| : 
2). 
v 
AT 
a 
D 
507 


EFFECT OF VEILING LUMINANCE—FRY & ALPERN 


The opening in the diaphragm, U, is circular and is seen as a 
patch (e) of veiling luminance 9.5° in diameter superimposed on a 
and b with its center at Z’ as shown in Figure 2. 

The subject sinks his teeth into a previously prepared biting board 
and this brings his head into an approximate position. He is then di- 
rected to fixate the fixation point, Z’. The biting board which controls 
the position of the head is then adjusted until the center of the entrance 
pupil, B, of his right eye coincides with the images of N and V, until 
the center of the entrance pupil of the left eye lies in the same horizontal 
plane as that of the right eye and until the cornea of the left eye lies 
at an equal distance from Z’ as the cornea of the right eye. To aid this 
operation, a diaphragm is mounted between diaphragm III and the beam- 
splitting prisms, C and D; this contains a small circular hole for the 
right eye and a horizontal slit for the left. “The assembly supporting the 
right-angle prism, G, and the penta prism, H, is then rotated until the 
image of M falls at the center of the entrance pupil of the left eye. The 
rotation of the penta prism does not affect the position of the image 
of N. 

The lens, W, forms an image of the ribbon filament, X, at the 
aperture in the diaphragm, V. The rays from the ribbon filament, T, 
are collimated by the lens, S, and the lens, Q, focuses an image of the 


filament at the aperture, N, and the lens, R, focuses an image at the 
aperture M. The optical centers of lenses Q and R are separated by an 
amount equal to the separation of the two apertures, N and M. In some 
of the early experiments both N and M were illuminated by a piece 
of opal glass which in turn was illuminated from the rear by a single 
lamp. Also, in some of the early experiments a 100-watt frosted bulb 
was used at X instead of the ribbon filament. 


Experiments involving simultaneous momentary exposure of a 
and b preceded or followed by a momentary exposure of e (See Figure 
2) were made possible by means of electromagnetic shutters and rotating 
discs. The rotating disc, I, exposes e for 5 sigma once each revolution 
and also has an opening which prevents it from interfering with the 
exposure of a and b. By adjusting one disc with respect to the other, 
a and b can be made to precede or follow e by any interval up to 
300 sigma. A cam on a shaft rotating one-fourth as fast as the shaft 
carrying the two discs controls the two eletromagnetic shutters which 
permit exposure of the targets once every four revolutions of discs I and 
II. A system of relays was also worked out to permit the operator to 
give a single exposure by pressing a key. 

The luminance of the targets seen by reflection at C was varied by 
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Wratten neutval density filters and by a pair of crossed polaroids 
placed at V. The luminance of b seen by transmission through the 
beam splitter, C, could be varied independently from that of a seen 
through the beam splitter, D, by a pair of crossed polaroid filters, L 
and P. The luminance of the target, a, seen through D could be varied 
independently of that of b seen through C by Wratten neutral density 
filters placed at 0. The luminance of the targets, a and b, could be 
varied together by means of Wratten neutral density filters placed at K. 
The entire apparatus was supplied with suitable baffles so that no ex- 
traneous light could enter the eyes. 


EFFECT OF A PATCH OF VEILING LUMINANCE UPON 
THE APPARENT BRIGHTNESS OF THE TEST OBJECT 

The stimulus pattern for this experiment is shown in Figure 2. 
A patch of veiling luminance (e) having a diameter of 9.5° is super- 
imposed upon the test object (b) with its center falling at the fixation 
point, Z’. The fixation point, the test object b, and the patch of veil- 
ing luminance superimposed upon it are seen by the right eye. The 
left eye sees only the fixation point and the comparison stimulus, a. 
The luminance of a (B,) was kept fixed: the luminance of b (B,) 
was varied in order to make it match a in brightness. For various levels 
of luminance for the veiling glare (B.) one of the subjects, T. H., made 


five settings of B,. The results are presented in Table I and Figure 3. 


LOG GLARE INDEX (v) 


Verling 
Gere 
Covers Only 
(Fig 5) 


LOG 8, (FOOTLAMBERTS) 


Fig. 3. Results for subject T. H. obtained with the stimulus pattern in Figs. 2 and 5 
showing the effect of varying the luminance of the patch of veiling luminance, e. 


In Figure 3 the data are expressed in terms of V and B,. The symbol 
V represents a quantity which is called the glare index by Schouten and 
Ornstein? and is defined as follows: 
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(1) 


The important point is that B, continually increases as B, increases. 
If we start with a match between B, and B, and then increase the veiling 
luminance this cuts down the perceived brightness of b in spite of the 
fact that it adds to the luminance of b, and the luminance of b must 
be further supplemented to reestablish the match with a. 

With much simpler equipment, this type of experiment was carried 
out with three other subjects who obtained the same type of result. 
The slope of the best fitting straight line varies from day to day and 
varies between about 0.7 and 1.0. The value used for B, in calculating 
V is based on a binocular match between b and a when the veiling 
luminance is off, and any error in the determination of this value pro- 
duces a marked effect on the slope of the best fitting straight line. 
Values of V are practically meaningless for small values of B, where 
the difference between B, and By, is no longer significant. Variations 
in the relative sensitivities of the two foveas will also affect the results. 


06 
Fig. 4. Results for subject T. H. obtained with the stimulus pattern in Fig. 2 show 
ing the effect of varying the luminance of the patch of veiling luminance, ¢ 


Table II and Figure 4 show another set of data for Subject T. H. for 
a slightly higher luminance of B,. 


THE CRITERION OF EQUAL BRIGHTNESS 

It may be argued that a subject in comparing a with b does not 
make a brightness comparison but compares the relative contrast of each 
object with its background. The subjects, however, were aware of 
this possibility and were instructed to base their judgments strictly on 
brightness and they reported that they were satisfied that this was what 
they were doing. 
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THE EFFECT OF SETTING THE PATCH OF VEILING GLARE 
OVER RECTANGLE a IN THE BINOCULAR FIELD OF VIEW 

In the binocular field of view, the patch of veiling glare in Figure 
2 covers the rectangle, a. It is worthwhile to find out if this affects the 
perceived brightness of a. If the veiling glare is suddenly turned on, 
rectangle b grows suddenly darker, but a does not appear to be affected. 
In order to investigate this matter further, a stimulus pattern like that 
shown in Figure 5 was used in which the veiling glare was confined to a 


Fig. 5. Pattern for studying the effect of changing the size and shape of the patch 
of veiling luminance, 

rectangular area which does not cover or overlap a at all in the binocular 
field of view. 

The same procedure was followed as for obtaining the data in 
Table I and the data are presented in Table III. The luminance of B, 
was kept the same as previously, so that the two sets of data would be 
strictly comparable. However, as indicated in the tables, the values of 
B, obtained by matching a binocularly with b are not identical in the 
two experiments. The value of y was kept constant at 9°. These results 
are also plotted in Figure 3. 

It should be noted that there is a slight difference between the 
results obtained. It may be concluded therefore that permitting the 
patch of veiling luminance to overlap a makes a appear brighter, since 
as will be seen in the next section changing the size and shape of the 
patch of veiling luminance does not affect the perceived brightness of b. 

TABLE I. 


Data for T. H. obtained with the stimulus pattern in Figure 2 showing the effect of 
varying B,. B, and B,, are expressed in footlamberts 


V 


363 
.226 
.226 
898 
1.608 3,055.0 
*Value for B, used in computing values of V. 


B, B,, B, B,, Vv 
3.72¢ 72.7 2.174 
1.82 5.0 6.451 
3.64 45 12.019 
7.27 4.5 26.84 
18.2 46.074 
36.4 9.7 ) 102.295 
a 
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TABLE Il. 


Data for T. H. obtained with the stimulus pattern in Figure 2 showing the effect of 
varying B,. B, and B,, are expressed in footlamberts. 


B,, B,, 


4.98* 17.06 
5.30 22.26 
5.22 22.12 
5.86 25.0 
7.28 ‘ 39.4 
9.68 94 ‘ ‘ 61.0 
10.62 1.13 2,350.0 110.5 


*Value for B, used in computing values of V. 


TABLE IIL. 


Data for T. H. obtained with the stimulus pattern in Figure 5 showing the effect of 
varying B,. B, and B,, are expressed in footlamberts. 


0.025 ; 
0.288 1,622.0 
0.862 3,055.0 
*Value used in computing values of V. 


EFFECT OF VARYING THE SIZE AND SHAPE OF 
THE PATCH OF VEILING LUMINANCE 

The stimulus pattern in Figure 5 was used and the horizontal 
dimension of the rectangular patch of veiling luminance was varied. The 
results are summarized in Table FV and plotted in Figure 6. This 


LOG GLARE INDEX (v) 


% 


Fig. 6. Results for subject T. H. obtained with the stimulus pattern in Fig. 5 show- 
ing the effect of varying the horizontal dimension y. of the patch of veiling luminance. 


experiment demonstrates that so long as the patch of veiling luminance 
extends beyond the border of b by a distance of 1/4° the size and 
shape of the patch of veiling luminance does not affect the results to any 
appreciable extent. 


B, 
0 2.42 
1.116 3.47 
2.49 3.42 
4.70 4.03 
11.16 6.93 
22.32 11.25 
27.9 21.2 
B, B,, B, B,, Vv 
4.01¢ 72.7 9.17 1.285 
ry 1.82 4.08 0.017 182.0 20.35 4.069 
3 & 3.64 3.67 364.0 38.6 8.613 
wt 7.27 4.11 8.8 21.113 
18.2 5.17 10.0 26.392 
36.4 7.47 55.0 40.086 
2 
8, 774 Footiemberts 
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This experiment has been repeated with different levels of B, 
and B, but always with the same type of result. 

Pitt' has performed what appears at first sight to be an experiment 
similar to that described above. The stimulus pattern he employed is 
shown in Figure 7. The rectangle, b, is seen by the right eye: the rec- 


bes 


Fig. 7. Stimulus pattern used by Pitt. 


tangle, a, is seen by the left eye; and the patch of veiling luminance, e, 
is seen by the right eye and is superimposed upon b. He compared the 
effect obtained with a patch of artificial veiling luminance 10° in 
diameter with one 90° in diameter, and found the effect more pronounced 
with the larger patch. However, in his experiment the natural pupil 
constituted the aperture stop for the right eye and an artificial pupil was 
used for the left eye. The effect he reported probably depends upon 
the variations in pupil size of the right eye. 


DEPENDENCE OF V ON B, 
Figure 8 shows the effect of varying B, on the glare index, V, 


° 
LOG (FOOTLAMBERTS) 


Fig. 8. Results for subject T. H. obtained with the stimulus pattern in Fig. 4 
showing the effect of varying the luminance of a. 


when B, is kept constant at 727 ft.-L. It is seen that as B, increases V 
decreases. The data are also summarized in Table V. 
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TABLE iv. 
Data for T. H. obtained with the stimulus pattern ir Figure 5 showing the effect of 
varying the horizontal dimension y of the patch of veiling luminance. B, and B,, 
are expressed in footlamberts 


= 774 Footlambert 
Vv 


< 


10.44 
28.8 10.48 
3° 29.3 10.69 
4 31.4 11.5 
33.35 12.29 
6° 35.4 13.1 


* Value for B, used in computing values of V. 


TABLE V 


Data for T. H. obtained with stimulus pattern in Figure 2 showing the effect of 
varying B,. B, was constant at 727 footlamberts. B,, and B, are expressed in foot- 


lamberts 


Transmittance 


of Filters 

K and I B, B,, V 
None 409.0* 
00005 02045 2.64 128.3 
0001 0409 4.2 101.7 
.0002 .0818 2.38 28.1 
2045 3.62 16.7 
001 409 5.84 13.25 
.002 818 9.48 10.58 
005 2.045 20.75 9.16 
01 4.09 22.1 4.41 
02 8.18 45.3 4.54 
05 20.45 97.8 3.78 
Jd 40.9 110.0 1.68 
2 81.8 112.5 0.375 
5 204.5 214.0 0.0445 


*This value was obtained at the beginning of the experiment by varying B, to make 
b match a when the patch of veiling luminance was removed from the field, The 
value represents an average of five settings. 


THEORETICAL INTERPRETATION OF THE EFFECT 
OF ARTIFICIAL VEILING GLARE 

The reduction of the apparent brightness of a test object by super- 
imposing a patch of veiling glare may be explained on the basis of 
current concepts of the photoreceptor mechanism if it is supplemented 
by a mechanism whereby activity in one part of the retina is inhibited by 
that in an adjacent part. 

Jahn* has adopted a modification of Hecht’s photoreceptor theory 
which may be formulated as follows: 

Light ~ LIE T. 


— 

Bs. 

| 
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s 
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This formulation means that a photosensitive substance, S, first 
becomes transformed into E before breaking down into the photo- 
products, P and A. E then acts as the catalyst in the secondary reaction, 
which in turn initiates the nerve impulse. 

In the equations that follow the concentrations of S, E and (A or 
P) are respectively represented by the symbols s, w, and x, and the sum 
(s + w + x) is assumed to be equal to unity. 

The reaction rates are as follows: 


dt 
where I is the retinal illuminance, 
dx 


dt 


ds 
(4) 


dt 
After a steady light stimulus has been falling on a given photoreceptor 
for a period of time, say, three seconds, the concentrations s, w, and x 
achieve a condition of equilibrium with the three rates equal, namely, 


dw dx 
(5) 
dt dt 
Since w is small with respect to x and s, it may be assumed that 
x =I1—s 


and that 


In the secondary reaction Fry and Alpern* have assumed that /, 
the concentration of L, is constant, that is to say, when some of it is 
converted into T, this amount of L is immediately replaced. Substance 
T diffuses from the point at which it is generated to a point at which 
it acts in producing a nerve impulse. It accumulates at this point and 
when a sufficient quantity has accumulated a nerve impulse is generated 
and all of the T which has accumulated is dissipated at this moment and 
the process starts over again. The rate of accumulation of T at the point 
of stimulation is 


dv 
k, w (7) 
dt 


— 
dw 
— = k, Is, (2) 4 
(3) 
and 
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where v is the concentration of T at the point of stimulation. 
The frequency of impulses, F, is 
k, w 
(8) 
v’ 
where v’ is the concentration of T required for an impulse. 

A number of possibilities exist whereby activity in one part of the 
retina can inhibit activity in an adjacent part. We have arbitrarily 
picked one of these possibilities to illustrate the problem. 

Let us assume that substance E in the various photoreceptors sur- 
rounding a point, P, produces an effect, H, at P which decreases the 
frequency, F, of the impulses generated by the photoreceptor at P by 
raising the critical concentration, v’, required for setting off a nerve 
impulse. It should be noted that the process affected by H lies at a 
higher level in the chain of retino-cortical processes than the one produc- 
ing E and H and hence the amount of H produced by a given photo- 
receptor is not affected by activity in adjacent retino-cortical pathways. 

To be specific, let us assume that 


k,,H 
v=k,, (9) 


It should be noted that v’ is dependent not only Hp, but also upon the 
frequency of impulses being generated by the photoreceptor at P. 
Combing Equations (8) and (9), 
k,/ 
F = : w —k,, H (10) 
12 
The effect dH at P produced by the photoreceptors in an element 
of area, dA, at any point, Q, a distance, p, from P is given by the fol- 
lowing equation: 
dH 
— = k, y(p) We (11) 
dA 
where y(p) is some function of p and k, is a constant. 
The position of Q can be specified with respect to a system of 
polar coordinates (p.@) with the origin at P. 
The total effect, H, at P produced by all of the elements of area 
surrounding P is equal to the sum of the dH values for the various 
elements of area, i.e., 


H = k, + y(p) w (12) 


where w is a function of both ¢ and p. 
Let us define P,, as a point on the border of the image of rectangle 


‘ 
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b in Fig. 2 and P, as a point on the border of the image of rectangle a. 
The terms F,, Fy, w(» + ¢), Wee Wa» H, and Hy may be defined as fol- 
lows: 
F, = frequency of photoreceptor response at P,. 
F, = frequency of photoreceptor response at P,. 
Wi» +e) = concentration of E in the photoreceptors on 
the bright side of the border of b. 
w,. = concentration of E in the photoreceptors on the dark 
side of the border of b. 
Ww, = concentration of E in the photoreceptors on the bright 
side of the border of a. 
H, = total effect at P, produced by the photoreceptors 
surrounding P,. 
H, = total effect at P, produced by the photoreceptor 
surrounding Py. 

Since w(, +.) is constant for all of the photoreceptors on the 
bright side of the border of rectangle b, and since w, is constant for all 
of the photoreceptors on the dark side, it follows in the case of the 
point P,, that Equation (12) reduces to 

Hy = ky [w(n +e) + Wel (13) 
where 
=e k, y(p) (14) 


Similarly in the case of P,, 
H, — k, Wa- ( 15) 
Therefore, in accordance with Equation (10) 
k,/ 
F, = win +e) — k,, k, +) Wel (16) 


k,/ 
= w, — k,, ky Wa. (17) 
ky. 
It may be assumed that rectangles a and b appear equally bright 
when 
F, = F, (18) 
and under this set of conditions 
wi,+.-) — (k; + 1) w= 0 (19) 
where 


k,/ 
k,, 


and 
a 
ef 
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For small values of I Equation (6) reduces to 


and since the beam entering the eye is of constant size, 
ia k, 
and 


Therefore Equation (19) reduces to 
B, — B, = k, Be. 
Dividing both sides of Equation (24) by B, we obtain 
By 


B, 
Combining this with Equation (1), 
B. 
V = k, (26) 
B, 

In Figure 3 where B, is varied and B, is kept constant, the data 
conform to Equation (26), and thus these data agree with the theory. 
However, this is not always the case. The experiment has been repeated 
a number of times with different value of B, and the slope of the best 
fitting straight line is usually somewhat less than unity (see Figure 5). 
It cannot be claimed therefore that the slope is always equal to one. A 
slope of less than one implies a non-linear relationship between V and 
B,. Such a non-linear relationship can be accounted for in a number of 
ways; for example, the relationship between dH/dA and E expressed in 
Equation (11) need not be linear. 

In Figure 8 where B, is varied and B, is kept constant, the data 
conform to the following equation: 

10 


0.62 


This differs from Equation (26) in that the exponent of B, in Equa- 
tion (26) is equal to unity. This discrepancy might be explained in a 
number of ways. For example, a non-linear relation between F and w 


(Equation 8) could introduce a non-linear relation between V and 


without affecting the linearity of the relation between V and B, when 
B, is constant. 


4 

k, 
w = — I, (21) 
k, 
k, 
v= — 68. (23) 

k, 

(24) 
4 k (25) 

(27) 
_ 
a 
B, 
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The mechanism of inhibition incorporated in the theory outlined 
above is similar to that proposed by Fry® to account for the effects of 
brightness contrast at a border. In the original proposal it was assumed 
that 

—0.5 (p/a)? 
y(p) =e (28) 
where @ is a constant equal to .0066 radians. 

Since as shown in Figure 6, reducing the width y of the rectangular 
patch of veiling glare (Figure 5) to the point that only a narrow 
strip 0.25° wide surrounds rectangle b, has little effect on the glare 
index, one might argue from this that o has a value as low as or lower 
than 0.0015 radians so that y(p) is negligible for values of p greater 
than .0045 radians. 

The theory as formulated applies only to small values of k,I/k,. 
In order for the theory to apply to all brightness levels, it would be 
necessary to use Equation (6) instead of Equation (21) in deriving 
Equation (26). The difficulty with using Equation (6) is that this 
requires an evaluation of the constants k, and k,. It is pointless to try to 
evaluate these constants until it can be decided what types of data the 
general theory will have to fit. All we know now is that a large variety 
of data will have to be considered. 

The theory does not take into account the effect of the patch of 
veiling glare in the right eye on the perceived brightness of rectangle a 
seen by the left eye. As pointed out above this effect is measureable 
although not pronounced. 

Finally a complete theory must take into consideration the effects 
of blurredness of the optical image on the retina, and the effects of the 
so-called physiological nystagmus which occurs during an effort to main- 
tain steady fixation. 


SUMMARY 

A patch of veiling luminance superimposed on a bright object in a 
dark field, reduces the apparent brightness of the object. 

It has been shown that the effect which is obtained with a patch 
of veiling luminance extending 0.25° beyond the boundary of the test 
object is approximately the same as for patches of much greater extent. 

A retinal mechanism has been postulated to account for the effect 
which is similar to that previously postulated to account for contrast 
effects at borders. The principal feature of this mechanism is the trans- 
mission of an effect from one part of the retina to an adjacent part 
where it inhibits activity initiated by photoreceptors. 
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THE IMPORTANCE OF THE A. C. A. RATIO IN INDUSTRIAL 
AND SCHOOL SUCCESS* 


C. Jane Davist and Frederick W. Jobet 
Bausch & Lomb Optical Company 
Rochester, New York 


A correlation between vision and success on many jobs is known 
to exist. Studies illustrating the relationship have been published exten- 
sively. It is interesting to note that the visual differences of good and 
poor workers varied from job to job. In some instances distance acuity 
seemed to be the major factor. In some instances good near point 
acuity was the key to success. In still other jobs the acuities at both 
distance and near needed to be considered. Phorias also were found 
extremely important, especially for machine jobs.'* 

These various studies were run at the Occupational Research Cen- 
ter of Purdue University using records of Ortho-Rater test results on 
large industrial populations. In July of 1952 the Occupational Research 
Center was transferred to the Bausch & Lomb plant. At this time we 
decided to run wide-range studies in an attempt to locate some of the 
factors which were affecting vision on the job. 

Our first step was the analysis of the visual skills of an average 
industrial population. “Norms’’ were thus set up for each of the twelve 
Ortho-Rater vision tests. Then the visual skills of groups employed 
on various industrial jobs were compared with these norms. When 
differences were found to be significant on an individual test we assumed 
that the function measured by the test was important for this particular 
job. Experiments with standards set up on the basis of differences from 
normal population ability proved adequate for selection of good workers 
in a large number of studies. 

It seems safe to assume that the variations found were actually 
related to the job. Individuals whose visual ability was grossly below 
that required for good job performance were partially screened out by 
the job situation. This resulted in an upgrading of the average visual 
ability with a concurrent improvement in job performance. The con- 
clusion that a further selection by setting up appropriate visual require- 
ments might bring about still better performance is well founded. 


*Read before the annual meeting of the American Academy of Optometry, Chicago, 
Illinois, December 8, 1953. For publication in the October, 1954, issue of the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 
OF OPTOMETRY. 

+B.A., Head, Occupational Research Center. 

IB.S., D.O.S. Director, Department of Ophthalmic Research and Development 
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In the course of these studies it was apparent that experience was 
a factor that must be controlled. Individuals with high experience and 
low visual abilities were frequently quite successful on the job. In an 
effort to control this variable it has been customary to run a preliminary 
correlation between experience and job success. Results have indicated 
that regardless of the measure of job success, new workers are generally 
low on the performance scale. The time required for learning the job 
becomes quite evident in studies of this type. Normally the workers 
who are still in the learning period are eliminated before further correla- 
tion is attempted. 

In the same studies it is frequently found that workers with 
experience are always high in performance regardless of their scores on 
tests of ability. In the case of vision, it is apparent that knowledge 
of the job problem reduces the demand for visual judgment. These 
workers might, however, have difficulty in facing a similar but somewhat 
different job. For this reason individuals with extremely high experience 
are also removed before final correlations are run. 

Since an increase in age occurs as experience is gained the age factor 
appeared important. We began to study data on variations of vision 
with age. The results were quite dramatic. There was a drop in 
visual acuity at distance and near with advancing age. While near 
acuities dropped off more precipitously, the concurrent loss in distance 
acuity could not be ignored. Changes were also evident in lateral phorias 
at both distance and near. 

The effect of these findings was to magnify the problem of age 
in industry. Many jobs were found to have large numbers of older 
workers. The advisability of hiring new employees for these jobs on 
the basis of visual standards set on the present population must be 
questioned. 

While the age variable was closely related to experience in most 
instances, it was necessary to consider the two variables independently 
in our preliminary studies. It was this work that first drew our interest 
to locating some visual measurement which did not vary with age. 
This would eliminate, to a large extent, the need for control of extran- 
eous factors. A study based on a measure of this type in relation to 
job success would certainly be of academic interest and might possibly 
be of value in job placement. 

In searching for a measure of this type we turned to earlier studies 
run in the Department of Ophthalmic Research and Development. 
One of these survey studies had made use of the accommodative-con- 
vergence-gradient or the A. C. A. ratio as described by Fry, Morgan, 
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and Hofstetter. A careful review of the literature suggested that this 
measure was certainly worthy of our consideration. 

The A. C. A. ratio is a measure of the amount of accommodative 
convergence for each unit of accommodation. Morgan’? states that this 
measure is independent of refractive error, distance heterophoria, ampli- 
tude of accommodation and near heterophoria; hence it must be con- 
sidered innate. Alpern?, Morgan and Peters'', Hofstetter* and Fry® 
found that there was no age variation. Tait'* demonstrated an age 
variation, however, his measures did not take the bifocal add into con- 
sideration. His explanation of this finding indicates that the variation 
is due to add rather than age. 

Morgan", Hofstetter* and Fry® found that no change can be ex- 
pected with training. Variations following training were found to be 
an artifact by Heath and Hofstetter.° The apparent change in the 
A. C. A. ratio was due to the variability of the phorias in early stages 
of the training. Hofstetter* and Morgan’? found no variation related 
to ametropia. Morgan’? warned that no A. C. A. ratio should be con- 
sidered valid immediately after a lens change of 1.00 D. or more; how- 
ever, he stated that the change in A. C. A. ratio, after the use of 
glasses has stabilized the phorias, is very small. A 4.00 D. change 
in lens power caused less than 0.6/A per 1.00 D. 

With these facts in mind it seemed possible that this was a 
measure well suited to statistical investigation. It had an additional 
advantage in the fact that it could be derived from test records in our 
files. 

The phoria method for obtaining the A. C. A. ratio requires: 

1. Measure of the tonic convergence—which is equivalent to the 
phoria at 6 meters. 

2. Measure of fusional convergence at near—which is equal (but 
opposite in sign) to a phoria measure at near. 

These two measures are subtracted from the amount of convergence 
necessary for fixation of a point at the near testing distance. The 
resultant figure is then divided by the amount of accommodation neces- 
sary for clear vision at the near testing distance. Fry* sets up the 
following formula: 


Required convergence at near target ——- distance phoria + near phoria 
Required accommodation at near (minus add through which measure is made) 


While this method of obtaining the A. C. A. ratio has been 
questioned, we find that the arguments against it have also been ques- 
tioned. Since Ortho-Rater phoria measurements were available on a 
large number of individuals it was possible to derive the A. C. A. ratios 
using the formula of Fry. 


a 
— 
a 


A. C. A. RATIO IN INDUSTRIAL VISION—DAVIS & JOBE 


The Ortho-Rater phoria scores have been found to be quite stable. 
Accommodation and stimulus to fusion are well controiled, and psychic 
nearness is reduced to a minimum. The targets for both distance and 
near consist of an arrow before the left eye and a row of numbered 
dots before the right eye. Detail in the form of a checkerboard within 
the arrow and numbers along the line of dots tends to hold accommoda- 
tion at the testing distance. A low stimulus to fusion is presented by 
the use of three dots centered in relation to the arrow. These may be 
fused with any three of the numbered dots, resulting in a stabilization 
of the arrow in the normal phoria position. Since fusion is possible 
anywhere along the line of dots the fusional stimulus has no adverse 
effect upon the validity of the phoria findings. Thus the Ortho-Rater 
phoria scores conform well to the requirements of Hirsch and Bing’ 
and Hofstetter.® 

Use of longer focal length lenses together with control of accom- 
modation has resulted in phoria findings of good validity. Fry* found 
A. C. A. ratios based on telebinocular phoria tests were unsatisfactory 
with the average findings considerably displaced from the expected aver- 
age of between 4A and 5A per 1.00D. Our own studies using Ortho- 
Rater scores on many groups revealed an average A. C. A. falling 
between 4.50 and 5.00 or well within the expected range. Our data 
did not permit correlations with scores obtained by other methods since 
only the Ortho-Rater records were available. 

Since the argument against the use of this measure were not pho- 
hibitive, conversion tables were set up and the derived A. C. A. ratio 
was added to our records. In an effort to keep the data reasonably 
free from error the following controls were instituted. 

1. No workers with bifocals, glasses for near or distance only, 
or irregular use of glasses were included. The population included in 
the study covered only individuals who did not wear glasses and indi- 
viduals with single vision glasses for constant use. This control was 
necessary since it was impossible to estimate the power of the reading 
add. 

2. Individuals with new glasses (worn less than four months) 
were also not included. This is a normal procedure in our correlation 
studies in order to assure that the worker has had adequate time to 
adapt to his prescription for efficient utilization. This is in line with 
the findings of Morgan'® as mentioned earlier. 

3. The studies were limited to total populations on specific in- 
dustrial jobs with valid measures of job success. 

We might emphasize at this point that our studies were considered 
to be primarily of academic interest. We were able to analyze only the 
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relationship of the A. C. A. ratio to job success. The interrelationship 
with the zone of comfort could not be considered since information of 
this type was not available. The value of the studies seemed to lie in 
the number of individual jobs which could be included using available 
data. 

Our results were interesting and thought-provoking. We cannot 
question the presence of a relationship; however, it is difficult to evaluate 
the findings from a practical point of view. Perhaps the most dramatic 
result was in the variance of the strength of the relationship. On jobs 
where strong relationships had been demonstrated between job success 
and one or more of the visual skills measured by the Ortho-Rater, the 
A. C. A. ratio had little or no correlation with job success. On other 
jobs where difficulty was experienced in setting up a selective visual 
standard the relationship between the A. C. A. ratio and job success 
was found to be remarkably strong. From this it might well be con- 
cluded that we were dealing with a new measure which would enhance 
the value of our test battery provided an interpretation of its meaning 
could be effected. It is also possible that correlations with other visual 
skills were influenced by extraneous variables of age and experience which 
had not been and could not be adequately controlled in some of the jobs. 

Perhaps our findings can be best explained by illustrations. 


I. Telephone Typists 

This group consisted of 56 girls typing from telephone dictation 
or recordings. The age range was 18 to 22 and experience 5 to 14 
months. A measure of job success was submitted in terms of lines 
typed per hour. Since time spent in corrections and retyping were 
included, the rate is a combination of quantity and quality produced. 

The acuity levels were low on this group and the derived standard 
was necessarily lenient in relation to the standards set up for other 
clerical jobs. Selection on the basis of the derived standard showed the 
following performance differences. 


A — Telephone Typists N = 56 
__ Ortho-Rater Performance _ 


Production 


Average 
No. Above Md. No. Below Md. Production 


Pass Ortho-Rater 14 14 
Fail Ortho-Rater 13 15 


When comparison was made between the top and bottom 30% 
the differences in findings became evident. With the average (middle 


>» 
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40%) workers eliminated vision was found significantly related to 


job success. 
B — Telephone Typists 
Bottom 30% 
Pass Ortho- Rater 10 5 
Fail Ortho-Rater 7 12 


The total standard was unquestionably selective. Actually when 
the top and bottom 30% are considered the results are statistically 
significant. Regardless of this significance the failure to select the “high 
and low average’’ workers was inefficient. 

When scatter of A. C. A. ratio on this group was run there was 
an evident trend for workers with low A. C. A. ratios to be low 
producers and high A. C. A. to be high producers. 


Telephone Typists N = 54 (2) 
A. C. A. Ratio and Production 
Production 

No. Above No. Below = Average ; 
A. C. A. Ratio Average Average Production 
2.1-3.8 4 10 41.6 
4.2-4.6 4 9 42.2 
4.7-5.2 8 6 48.5 
5.4-7.6 


4 53.8 


When the situation was reversed and workers were considered in 
terms of production the selection continued to hold: 


Telephone Typists N = 56 (3) 
Production and A. C. A. Ratio 


Production A.C. A. Ratio 

level in lines 2.1-4.6 4.7.7.6 
28-38 ll 3 
39.46 7 8 
47.53 5 9 
54.87 3 10 


This trend emphasizes the findings. The results are quite definite; 
however, the interpretation is vague. The median A. C. A. ratio is 
4.7. It might be said that workers above this median have a 2 to | 
advantage over workers below the median. 

Since these girls are typing from the spoken word the visual 
problem does not consist of reading notes. It has been suggested that 
the material is probably followed quite closely as it is being typed. This 
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would present a rather provoking visual situation. The printed words 
move back and forth with the carriage and letters are temporarily 
obscured as the keys come into striking position. 


II. 


Electromcs Workers 
Probably the most interesting study covered two small groups 
of workers within one plant. 

Group A consisted of 30 workers classified as Transistor Assembly. 

Group B consisted of 22 workers classified as Vacuum Tube 
Assembly. 

The transistor group was engaged in the assembly of experimental 
tubes—crimping, spot welding, soldering or brazing the numerous 
small parts of the transistors. Alignment and spacing must be accurate 
to .0003 inch in some instances. The workers use binocular, monocular 
and tool makers microscopes for visual aids. Hand tools include screw 
drivers, pliers, tweezers, fine point scriber, micrometer and a small spot 
welding machine. 

The vacuum tube group was engaged in the assembly of semi- 
conductors—cutting, brazing, capping, cleaning, etching, plating, solder- 
ing, inspecting and adjusting parts. Tolerances are never closer than 
.0005 inch and one extremely fine adjustment done by the transistor 
group is not part of this job. The same microscopes and tools are 
used with the exception of the fine point scriber. 

Description of the two jobs reveals that tools and operations are 
very similar. The major difference appears to be in the size of the parts 
being assembled and the tolerances. 

Analysis of the data revealed that age and experience were well 
restricted. Acuities at both distance and near were remarkably high 
and phorias fell within a rather narrow range. Derived standards were 
quite strict and differed mainly in the distance requirements. Both jobs 
called for excellent near acuity. Transistor assemblers also required good 
distance acuity while the vacuum tube workers could be one step lower 
at distance. The cut-off on the phoria scores was the same on the 
exophoric end of the scale. In the esophoric direction the standard was 
tighter for transistor assemblers at far and for vacuum tube assemblers 
at near. Vertical phorias were more restricted for vacuum tube workers, 
while depth and color requirements were equally strict for both groups. 

The criterion supplied was a foreman’s rating dividing workers 
on a 50 - 50 and 334% - 334% - 334% % basis. Using the selected 
standards the following divisions were made. 
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Electronic Assemblers 
Ortho-Rater Performance 


A. Transistor Production Level 
Assembly N = 30 ___ High ee Low 
Pass Ortho-Rater 12 6 
Fail Ortho-Rater 3 9 
Vacuum Tube Production Level 
Assembly N = 22 __ High __Low 
Pass Ortho-Rater 9 5 
Fail Ortho-Rater 2 6 


While this selection on total standard was reasonably satisfactory 
no direct relationship was found between any individual visual skill 
and job success. 

When the A. C. A. ratios were studied a rather unusual situation 
came to light. Among the transistor assemblers only one worker in 
the upper third had an A. C. A. ratio of over 3.7 (his was 4.4). Among 
the vacuum tube workers all of the upper third had A. C. A. ratios of 
4.6 or greater. A total split of this type is extremely rare and is 
highly significant statistically. 


Electronic Assemblers 
A. C. A. Ratio and Production 


A. Transistor Production Level 
Assembly N = High Low 


12 4+ 
3 


B. Vacuum Tube Production Level 
Assembly N _ High Low 


6 
9 


It will be noted that the selection is excellent on this factor alone. 
In fact it would be natural to assume that the poor workers should be 
exchanged between the two jobs for better selection. Further careful 
study suggested that distributions were skewed in opposite directions. 
The relationship was further emphasized by analysis of production 


ranks. 


Electronic Assemblers 
Production and A. C. A. Ratio 


Median A. C. A. Ratio 
Transistor Vacuum Tube 
Production Assembly 


Top 44 
Middle % 34.9 
4.2 


I ow 


RCA. 41-72 

A.C. A. 4.1-7.2 
A.C. A. 4.6-7.9 

=| 

(6) 

5.8 

3.9 
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These inverse requirements are difficult to explain in the light of 
job descriptions; however, the strength of the relationship is beyond 
the realm of chance. 


III]. Sewing Machine Operators 

A group of 83 sewing machine operators was also considered since 
the criterion on this group had been proved highly reliable. These 
workers were ideally selected on the basis of their Ortho-Rater perform- 
ance and definite trends had been found on individual skills. 

Since the job had visual problems very similar to the group of 
typists previously studied, a similar relationship between A. C. A. ratio 
and job performance was expected. No relationship was found. Work- 
ers in the four performance groups showed almost identical scatters on 
A. C. A. ratio with the median score at 4.5. It was impossible to set 
up cutting scores with any selective value. The reason is not known. 


IV. Clerical Workers 

A group of 135 clerical workers in another large industry was 
considered in the light of findings on the telephone typists. Selection of 
these workers had been quite satisfactory using Ortho-Rater scores. Here 
again selection with the A. C. A. ratio was negligible and no definite 
trends were found within the five performance groups. The median 
A. C. A. ratio was 5.0. 

As the number of jobs studied was increased, it became evident 
that the A. C. A. ratio was most significant when Ortho-Rater tests 
gave only average selection. 


V. Eighth Grade Students 

Since school studies have always been disappointing because of 
the low correlation between performance tests and visual tests this 
seemed to provide an ideal situation for the A. C. A. ratio. Accordingly 
a group of 100 eighth grade students was analyzed. We had three 
excellent performance scores on these children including 

1. Van Wagenen Reading Test 

2. Word Discrimination Test 

3. Chicago Reading Total. 

Since all of the relations discovered in our initial studies appeared 
to be linear, with success groups either high or low on the scale, the 
best measure of correlation appeared to be Pearson product-moment r. 
When correlations of this type were run between A. C. A. ratio and 
the reading tests, we found the following values: 

Van Wagenen Reading A.C. A. —0O.234 
Word Discrimination & A. C. A. —0.302 
Chicago Reading Total A.C. A. —0O.151 


a 
a 
7 
is 
q = 
~_ 
- 
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The first two correlations were significant at the 1% level of 
confidence with the negative sign indicating that low A. C. A. ratios 
might be desirable for good reading performance. 


VI. Seventh Grade Students 

Before jumping to conclusions we followed the same procedure on 
a similar group of 7th grade children and found correlations that were 
completely discouraging being +.05, +.01 and +.09 for the tests 
listed above. A study of the scatters suggested that the correlation was 
certainly superior to the findings; however, the line of best fit appeared 
to be non-linear. For this reason it seemed worth while to consider the 
correlations in terms of eta. Computations revealed eta values of .30, 
.26, and .33; — all at a high level of significance. Cut off scores at 
the high and low ends of the A. C. A. scale showed selective value. 
Since median scores on the two school groups were quite similar we 
were unable to explain the differences. Further studies revealed that 
other elementary school grades were more similar to grade 7. 

Thus grade 8 differed from other grades quite markedly. The 
only unusual findings in this grade were an expanded age range and 
an increased number of individuals with poor performance on school 
tests. This finding has been noted previously on school studies and has 
been explained by the assumption that a child may be passed ‘‘on 
trial’’ from grade to grade; however, he camnot be graduated on trial. 
For this reason the eighth grade ny be expected to present more school 
problems than other grades. We have also learned that a reading train- 
ing program in this school has included all but grade eight. It is 
possible that training overcomes to some extent the reading difficulties 
imposed by a high A. C. A. ratio. 


VIL. Camera Assembly Workers 

After this relationship had been discovered we began to search our 
files for industrial studies which demonstrated similar trends. A group 
of workers doing fine camera assembly and repair yielded 57 individ- 
uals whose use of glasses fell within our requirements. This group 
showed A. C. A. ratios within a fairly concentrated range and a curvi- 


Camera Assemblers N = 57 
A.C. A. Ratio and Production 


Production 
Average 
High Low Production Units 


3.0-5.4 25 ~ oe 78.0 
below 3.0 or 5.4 4 13 72.1 


A. 
A 


C.A 
C.A 
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linear relationship was definitely evident. Workers at either extreme 
of the A. C. A. range were most frequently poor producers. The most 
desirable range for A. C. A. ratio was 3.0 - 5.4. Workers with higher 
or lower scores were frequently presenting production problems. 

It was found that of 6 workers failed at the lower level of the 
A. C. A. range, five were below average production. The upper level 
failed 11 workers with 8 below average production. 


VIII. Skilled Tradesmen 

A group of 142 skilled tradesmen of various types was also sur- 
veyed. Since no breakdown into individual jobs was available we pro- 
ceeded to analyze the entire group consisting of machinists, tool makers, 
skilled mechanics, carpenters, et cetera, from a single large plant. This 
group had a wide range of A. C. A. ratios which may be related to the 
lack of homogeniety. A curvilinear relationship between success and 
A. C. A. ratio was evident but at a lower level of confidence than found 
in other studies. 

The optimal cutting score appeared to provide a passing range of 
2.4 - 6.6. 

This resulted in a low falling rate with reasonable selection. 


Skilled Tradesmen N = 142 


B 3.3% 
14.8% 
D 24.4% 
E 31.2% 


Here we may well question the relationship since it is entirely 
possible that the two ends of the failing range represent poor workers 
on different jobs. Normally we would expect to be able to classify 
these skilled trades into a single group. In making up the Ortho-Rater 
profile this same grouping was used with fair success. Our experience 
with the transistor and vacuum tube assemblers suggests that this method 
of grouping may be undesirable when A. C. A. ratios are considered. 


SUMMARY 

The A. C. A. ratio provides a stable visual measure which is not 
affected by experience or training. Experimental correlation studies of 
this measure and job success reveal strong relationships in instances 
where other visual skills had no significant effect. A relationship between 
school achievement scores and the A. C. A. ratio is also demonstrated. 
Results are interesting because of their variety. 


A.C. A. passing range = 2.4 to 6.6 
Production Rank % Outside A. C. A. Range ad 
A 0 
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The exact meaning of these findings requires further definitive 
studies, 
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RESEARCH GRANT PROCEDURE OF THE ACADEMY 
The Research Projects Committee of the American Academy of 

Optometry is established to implement one of the objectives of the 
Academy as described in the Constitution: 

“Article 2: Object 

“The object of the American Academy of Optometry shall be to 
try to further the development of optometrical science in its efforts to 
conserve human vision by: 
3)  Instituting and supporting, in suitable centers and 


institutions, research programs in optometric subjects.”’ 
* * * 
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APPLICATIONS 
Applications may be submitted to the Chairman of the Research 


Projects Committee or the Secretary of the Academy in order to be con- 
sidered. Five copies of the proposal should be submitted. The proposal 
should include the following data: 

1) The names and a brief synopsis of the qualifications of the 
principal investigator, consultants, and other personnel. 

2) Institution or location of the project. 

3) A synopsis of the proposed research. If this is a continuing 
project, the present status of the project and the results thus far obtained 
should be listed. 

4) The total cost of the project, the amount being sought from 
the Academy, the specific purpose for which Academy funds are to be 
used, names of other sponsoring agencies, and the amounts of money 
available from these. In the event that part of the cost is being borne 
by the institution, the amount should be stipulated. 

5) The beginning date and expected termination date of the 
project. 

6) Publication plans for the research data. 

7) Where complex or costly equipment is to be purchased or 
constructed, a statement of the plans for disposition of the apparatus 
should be included. Equipment may be disposed of in any of the 
following ways: 

a) It may be turned over to the institution. 

b) It may be made available to other research projects at the 
same institution. 

c) It may be made available to other research projects at 
other institutions. 

d) It may be turned over to the Academy for disposal by 
the Executive Council. 

e) It may be sold for salvage and the funds returned to the 
Academy. 

f) It may have no further value and be scrapped. 


The Research Projects Committee shall meet during or before the 
regular annual meeting of the Academy, shall consider proposals both 
on individual and relative merits, and shall submit a report to the Execu- 
tive Council of the Academy. The final choice of projects is the preroga- 
tive of the Executive Council of the Academy, the Research Projects 
Committee serving in an advisory capacity only. The decisions of the 
Executive Council shall be announced at the annual meeting of the 
Academy and/or published in the AMERICAN JOURNAL OF OPTOMETRY 


; 

4 


EDITORIAL 


AND ARCHIVES OF AMERICAN ACADEMY OF OPTOMETRY. All grants 
will run for one year. 
POLICIES IN MAKING GRANTS 

The following points will be considered by the Research Projects 
Committee in recommending grants: 

1) In all but very exceptional instances, grants will run for one 
year only. In the case of a project, the results of which are promising, 
a new grant for another year may be requested. Since there are other 
agencies which are better able to service long term projects, the Academy 
can best serve optometric research by limiting its activities to grants of 
one year’s duration. 

2) The project should be concerned with basic or clinical research 
and should be specific and well-defined. 

3) Curricular and administrative studies are not supported by 
grants from the Academy. 

4) Evidence should be available to show that the applicant has 
wisely used funds previously granted. 

5) Research funds may not be used for the preparation of text- 
books that are to be sold on a royalty basis. Any research grant for 
assistance in the preparation of a scholarly book to be sold commercially 
constitutes a first lien on royalties accruing to the author to the extent 
of the amount of the grant. Exception to this rule may be made by 
action of the Executive Council in the case of a much-needed book or 
one which is to be published by the Academy. In such cases, a contract 
specifying publication rights and royalties will be negotiated by the 
Executive Council. 

6) Since Academy research funds are not great, and since the 
Academy is vitally interested in the quality of its Journal, special 
consideration will be given to short, concrete projects which may be 
expected to result in a suitable paper or papers to be published in the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN 
ACADEMY OF OPTOMETRY. 

7) The Academy encourages both institutional and individual 
requests, but, because of the small funds available, will be able most 
frequently to fill individual requests. Although aid to individuals at 
centers of research will comprise most of the grants, requests from 
individuals of proven research ability who are not at the time at a 
research center will be considered without prejudice. 

USES TO WHICH RESEARCH FUNDS MAY BE PUT 

1) Assistance. Grants will provide for assistance on an hourly 

basis. Grants for salaried assistants are made only in the case of short 
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term projects or persons of special talents and cannot be expected to 
entail full-time services or high pay rates. Appointments of research 
assistants that are likely to continue more than one year cannot be made. 
Salaries of animal caretakers, technicians, and maintenance personnel 
should be carried in institutional budgets. All employment must be 
approved by the appropriate dean or personnel officer. Research assistants 
should not do the scholarly work of the investigation, nor should they 
be independent investigators. 

2) Equipment. The Committee will attempt to provide for the 
equipment essential to research provided such is not available at the 
institution and that it cannot be purchased from other funds. 

3) Supplies. Research funds may be used to purchase expendable 
supplies, microfilm and photostats. Books and periodicals cannot be 
purchased with research funds. Microfilm and photostats so purchased 
are the property of the Academy and, when they have served their 
purpose to the grantee, must be deposited in a library designated by the 
Executive Council or the Committee. Books borrowed from other 
libraries may be charged against research funds 

4) Field and Travel Expenses. Research funds may not be 
used to travel to scientific meetings save in exceptional instances. Travel 
grants to enable inspection of research materials or to confer with 
scientific personnel may be made occasionally when it is impossible to 
carry out the necessary inspection or communication by other means. 

5) Subjects. Subjects for psychophysical experiments may be 
hired on an hourly basis when it is impossible to obtain their services in 
any other way. The necessary expenses to bring certain subjects to the 
research center may also be met with research funds if this is the only 
way to obtain such clinical material. 

6) Financial assistance in the publication of an article is given 
only when the need is established. Reprints should be purchased from 
funds of regular institutional research budgets. 

7) Salary to Chief Investigator. Research funds may not be used 
to pay a salary to the chief investigator. In certain instances it may be 
essential to reimburse an institution for part of the investigator's salary. 
In certain exceptional instances, an investigator who derives his income 
from the practice of optometry may be given a grant to reimburse him 
partially for time spent in research. Due to the scarcity of funds, how- 
ever, reimbursement to the chief investigator or his institution will only 
be made in those cases where a particularly worthy investigation cannot 
be carried out in any other way. 
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REPORTS 
The investigator will be expected to submit a brief report stating 


the progress of the project. These interim reports should list the results 
thus far obtained, should not exceed 500 words, and should be suitable 
for publication in the AMERICAN JOURNAL OF OPTOMETRY AND 
ARCHIVES OF AMERICAN ACADEMY OF OPTOMETRY if the editor deems 
publication of interest to the membership. 

A final report should be prepared for presentation at the annual 
Academy meeting. This final report should contain a financial statement 
accounting for the funds allotted. The scientific results should be in 
the form of a paper given at the annual meeting if this is at all possible 
and in keeping with the nature of the investigation. 


BALANCES 
In order to obtain the maximum use of the limited funds available, 


the Committee urges that holders of grants return to the Committee as 
soon as possible any funds that they will not be able to spend during 
the year. Such a return of funds shall not prejudice the Committee in 
respect to future requests. Contrariwise, the Academy views with 
disapproval the practice of allowing funds to lapse by failure to return 
balances to the Committee for reallocation. 

The Committee recognizes the need on occasion to carry funds 
over to a succeeding fiscal year, but in order to prevent abuse of this 
practice, it requests each person to submit to the Committee a written 
justification, in duplicate, for the requested carry-over. This justification 
should be received on or before December first of the current year. 

If an applicant wishes to change the use for which the funds are 
allotted, he must request permission to do so in writing. 

All correspondence and reports relating to Academy assisted 

research shall be addressed to the Secretary of the Academy unless 
instructions to the contrary are at hand. 
* 
The above procedure, submitted by the Research Projects Com- 
mittee comprised of Fellows, Monroe J. Hirsch, I. M. Borish and 
Harold M. Fisher, has been adopted by the Executive Council of the 
Academy. 

In accordance with the adopted Research Grant Procedure, pro- 
posals for research funds for the coming year are now being received. 
Those desiring to apply for Academy Research Funds should carefully 
read the procedure and make application in the form prescribed. 
MONROE J. HIRSCH 


+ 


| 
| 
537 


SPECIAL REPORT 


THE USE OF STATISTICS IN VISUAL RESEARCH* 


Francis A. Youngt 
Department of Psychology, The State College of Washington 
Pullman, Washington 


Before discussing the application of statistics to visual research, 
the more general question, what is the need for statistics in any research, 
may be considered. Generally, research results in a mass of quantitative 
data which requires description and interpretation by the investigator. 
Statistics is a technique or tool which permits description and aids in 
interpretation. According to Peters and Van Voorhis,® in giving an 
adequate description of quantitative data, we shall need to do one or 


another, or several of the following things: 

“Il. Mention some representative number to indicate the general size of the 
variables—a mean, a median, a mode, or other index of ‘central tendency.’ The 
popular term for this is ‘average.’ 

2. Indicate how widely the variables are spread—how much they differ from 
one another. As measures of such variability we have average deviation, standard 
deviation, range, percentiles, etc 

“3. Show the shape of the distribution. The frequency polygon resulting 
from the distribution of variables may be rectangular, or bell-shaped or skew. If 
bell-shaped, it may be highly peaked up in the middle (leptokurtic), or rather flat 
(platykurtic), or moderately peaked (mesokurtic). Measurements taken in connec- 
tion with time trends or summated measurements may fit parabolas, or sine curves, 
or other types of regular or irregular trend curves, and we may wish to measure the 
goodness with which these curves fit the data 

‘4. Show the relation of two or more sets of variables to each other. Where 
we wish to show the relation of the sets to each other as wholes, we may indicate 
the percentage of overlapping or the difference between the means or the comparative 
variabilities. Where we wish to show the degree of parallelism between the cor- 
responding measurements in different distributions, we may resort to coefficients of 
correlation 

“5. Indicate how dependable our generalizations are (our means, standard 
deviations, coefficients of correlation) by showing how much they must be expected 
to change with further sampling. This is the problem of reliability.” 


The two most commonly used measures of central tendency, the 
mean and the median, represent two different types of measures, each 
with separate properties, advantages and disadvantages. The mean is 
a moment measure and as such is effected by the size of the score and 
the distance of the score from the mean in the same manner that a 


*Read before the annual meeting of the American Academy of Optometry, Chicago. 

Illinois. December 5, 1953. For publication in the October, 1954, issue of the 

AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY . 
OF OPTOMETRY 

+Ph.D. Member of faculty. Fellow, American Academy of Optometry. 
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seesaw is effected by the size of the person and the distance of the person 
from the fulcrum. The median, on the other hand, is a point measure, 
representing that point or score above which are found fifty per cent of 
the cases and below which are found the other fifty per cent of the 
cases. Since the median 1s based upon the number of scores and not 
upon the magnitude of the score or the distance of the score from the 
central tendency, it is not effected by extreme scores. Corresponding to 
these two measures of central tendency are the standard deviation, a 
moment measure of variability, and the quartile deviation, a point 
measure of variability. Usually, it is customary to employ both moment 
measures or both point measures rather than a mixture of the two. 

In terms of its advantages of a smaller sampling error and algebraic 
manipulability, the mean is the more desirable measure of central 
tendency for describing most quantitative data. However, when the 
data are highly skewed or leptokurtotic, the mean may lose its advan- 
tage of smaller sampling error and may also be less representative of the 
data. Since these conditions of skewness and leptokurtosis are com- 
monly found in all measures of visual acuity and refractive error, the 
investigator is faced with the decision of which measure to use. The 
application of both measures to the distribution of refractive errors 
found by Kempf, Collins, and Jarman,” and shown in Figure 1, yielded 
a value of 0.71 diopeters and 0.7 diopters of hypermetropia for the 


5 
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Fig. 1. The distribution of refractive errors under cycloplegic of 1,792 school 
children six years and up with a normal curve fitted to the same data. (From Kempf, 
Collins and Jarman.) 
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mean and the median, respectively. A discrepancy of 0.06 diopters is 
not large, but when the two measures are applied to higher age ranges 
as has been done by Hirsch' the difference between the two measures 
may approach 0.18 diopters. However, an approximate average dis- 
crepancy based on Hirsch’s data is 0.065 diopters, which is close to the 
difference obtained here of 0.06 diopters. Since the mean is effected by 
the magnitude of the scores, it might be expected to be larger than the 
median at the lower age ranges where there is a preponderance of 
hypermetropes, about the same in the 8 to 12 age ranges, and less than 
the median in the upper age ranges where there are greater numbers of 
myopes. Hirsch’s' results bear this out. 

Which measure is more representative? In terms of a difference of 
0.07 diopters either measure may be considered equally representative, 
since we are dealing with a difference which is well within the range 
of the error of measurement, our instruments and techniques not being 
reliable enough to measure differences this small. In terms of the changes 
which are taking place with age in the total refractive error, the mean 
is a More representative measure since it discloses these changes, whereas 
the median is less sensitive to them. In terms of the refractive state of 
the majority of the subjects the median is probably a more representa- 
tive measure. The measure which is used, therefore, will depend on the 
purpose for which it is used. In order to avoid the criticism that the 
investigator is selecting the measure which best supports his point of 
view, it is probably better to use both when dealing with measures of 
visual acuity and refractive error. This has the further advantage of 
presenting a clearer and more complete picture of the data. 

Representativeness is not the only criterion which may be employed 
in selecting a measure of central tendency. The selection may be made 
on the size of the sampling error and on the usefulness in later statistical 
procedures. With respect to both of these, the mean is a far more satis- 
factory measure. The skewness and leptokurtosis in these distributions 
is not large enough to give the advantage to the median in terms of the 
variability of the parameter with respect to successive samples drawn 
from the same population. The mean is a more stable measure than the 
median with refraction and acuity data, and is to be preferred with the 
visual measures usually taken in the optometric examination, since the 
other measures are distributed more normally than the acuity and 
refraction measures. By the same token, the standard deviation should 
be used instead of the quartile deviation. 

The comparison between an obtained distribution and a theoretical 
distribution, or between two obtained distributions, may be quantified 
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through the use of the Chi-square test. This test permits the making 
of a probability statement as to whether the difference which occurs 
between the distributions would continue to occur between successive 
samples drawn from the same population. For example, if the Chi- 
square test is applied to the obtained and theoretical distributions shown 
in Figure 1, it indicates that the possibility of the obtained distribution 
being drawn from the same parent population as the theoretical distri- 
bution is practically non-existent, and therefore the obtained distribu- 
tion may be considered to be drawn from an entirely different parent 
population. The Chi-square test may be used to test the differences 
between obtained distributions, such as the distributions of refractive 
errors found among boys and girls. This test applied to the data 
presented in Hirsch’s' study indicates that there is a significant difference 
between the two distributions, and that the investigator is justified in 
treating the two groups separately. If no significant difference were 
found, the two groups could have been combined and treated as a unit. 
A significant difference in this case means that the differences between 
the boys and the girls are large enough so that they can not be explained 
on the basis of fluctuations in sampling. 

The concept of sampling and the variation of parameters from 
sample to sample is basic to the theory of reliability, which is applied 
to such measures as the mean, standard deviation, and correlation 
coefficient. The research investigator usually takes one sample from a 
population and submits it to some measurement or experimental var- 
iable. On the basis of his measurement he calculates a measure of 
central tendency such as the mean, and then asks himself, or at least 
should ask himself whether this same value or one close to it would 
have been obtained, had he repeated in the same way as for the first 
sample, the measurement on an entirely different sample drawn from the 
same population. To make this more concrete, supposing that we 
would like to know what is the average refraction of eleven year old 
children. It is obviously practically impossible to measure all eleven 
year old children, but we might say that the eleven year olds in 
Chicago are similar to eleven year olds anywhere in the United States, 
and, consequently, we may consider all eleven year old children in 
Chicago as a sample drawn from the population of eleven year olds in 
the United States. Further, if we haven't the time or resources to 
measure all children in that age group in Chicago, we may draw a 
sample of 200 at random from this subpopulation and determine their 
refraction. As a result of this operation, we get an average refraction 
of 0.50 diopters of myopia. If we are familiar with the results obtained 
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by other investigators, usually about 0.50 diopters of hypermetropia, 
we might question our results. However, even if we had no basis on 
which to judge our results, we could still ask what would we get on 
a second sample, a third sample, a fourth sample, a hundredth sample. 

If we actually took a hundred samples, we could plot the means 
of these samples and determine the standard deviation of this distribution 
of means. The smaller this standard deviation, known in this instance 
as the standard error of the mean, the more reliable will be our measure. 
If the standard error is zero we have perfect reliability, since we always 
got the same mean refraction. Since the standard error is very rarely 
zero in biological measurements, the mean which we derive from our 
sample is only an estimate of the mean of the population of eleven year 
olds in the United States. Provided our sample has been drawn by 
random selection from the population, it is possible to determine how 
good an estimate it is. The standard error of the mean is 


Y 
yu = (1) 


VN 
and the standard error of the median of a normal or nearly normal 
distribution is 

1.253 y 

youn > (2) 
VN 

In a very leptokurtic distribution this formula cannot be used, and the 
standard error of the median is considerably smaller. 

From Formula | it is evident that the variability of our sample 
means will be less if the size of the sample is increased or the variability 
within the sample is decreased. The latter depends upon the nature of 
the measurements taken, the apparatus employed, as well as the char- 
acteristics of the subjects, and is often beyond the control of the 
experimenter. The size of the sample, however, is within the control 
of the investigator and is the most usable method of improving the 
reliability of our average. How much improvement we actually achieve 
depends on more than the size of the sample. The theory of reliability 
assumes that the samples are drawn at random from the population 
and may be considered representative of the population. If a bias is 
operating in our sampling technique, the reliability of our parameter 
will not increase no matter what the statistical formula indicates. 
since we are not meeting the conditions required for the use of the 
formula. This point is extremely important. Unless the assumptions 
required for the use of any statistical formula are reasonably satisfied, 
the result obtained on the application of the formula is meaningless. 
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Statistics are a tool and cannot correct mistakes which have been made 
in the selection of the sample and in the gathering of the data. To 
return to our eleven year olds, if the sample of 200 had been drawn 
from the case histories of children who had been referred for eye exam- 
inations, we would have a bias which would negate any conclusions 
with respect to the population of eleven year olds. 

If the investigator has no knowledge about the nature of the 
population which he wishes to sample, the approach which would yield 
the most representative sample would be to use a lottery technique or 
random numbers and select the subjects at random, making certain that 
the subjects have equal chances of being drawn, and that the drawing 
of one subject does not affect the drawing of another subject. Under 
these conditions, the larger the sample the more representative the 
sample. However, the law of diminishing returns applies to sample 
size and after a certain size is reached; the added labor does not justify 
the increase in representativeness. Estimates as to the size of a satisfactory 
sample vary among investigators. The civil service satisticians consider 
a sample of 200 as adequate and estimates range from 50 to 1000. It 
is disheartening to pick up an optometrical or ophthalmclogical journal 
and read that since the sample was only 1,000 no conclusions can be 
drawn, or that a sample of 2,000 cases is too small. The argument 
can be advanced that extreme deviations occur very infrequently, and 
only a very large sample will disclose them. If they are so infrequent 
they are of no practical value and may be ignored. 

It may be of interest to determine the standard error of the mean 
of the obtained distribution of Figure | with the actual N of 1,792 
and an N of 10,000, assuming that the standard deviation of 0.75 
diopters would remain the same. In the first case we find that the 
population mean would fall in the range between 0.76 and 0.66 
diopters plus, and in the second case, between 0.73 and 0.69 diopters 
plus. A five-fold increase in the size of the sample resulted in just 
about halving the range within which the population mean may be 
expected to fall, since the square root of N rather than N is used in 
the denominator of the standard error formula. 

If the investigator has available considerable knowledge of the 
population to be sampled, he may use a stratified sample and obtain a 
representative sample with a relatively small N. In this case it is possible 
to break the population down into various strata and determine the 
proportion of individuals in each stratum, such as the number of 
individuals with a refraction between one and two diopters of myopia. 
The strata will have the same proportional representation in the sample 
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as they have in the population. The individuals in the sample strata 
will be drawn from the corresponding population strata by a random 
selection technique. If the number of subjects in such a sample is small, 
less than a hundred, the use of small sample statistics is to be encouraged. 
If our experiment is designed in such a way that we have a con- 
trol group, composed of either the same subjects where our variable 
permits, or of a different group, and an experimental group, we should 
set up a null hypothesis that there is no difference between the mean 
results obtained on the control and experimental group except that duc 
to chance and test this hypothesis. The test of the hypothesis may be 
made in several different ways depending upon the size of the groups, 
but essentially all tests involve comparing the difference between the 
obtained means with the standard error of the difference between the 
means. 
Such tests of significance as the “Critical Ratio,”’ the “‘t’’ test, 
and the ‘‘F’’ tests may be used with large samples, and the latter two 
tests with any sized groups. The ‘‘Critical Ratio’ is based on the 
assumption that the groups tested approximate a normal distribution 
and, therefore, that the number of cases is large. The “t’ and ‘F’’ 
tests take into account the number of cases involved in the sample and 
may be used with as few as two cases up to an infinite number of 
cases. What we wish to know when we employ tests of significance 
of differences is whether or not the differences may be explained on 
the basis of fluctuations due to sampling. If the differences between 
the groups are so large that they can not be explained on the basis of 
chance, we may reject the null hypothesis and seek some other source for 
the difference. This is as much as any statistical test of significance can 
tell us. The only way the investigator has of explaining a difference 
which can not be explained by chance is to have designed the experi- 
ment in such a way that the variable or variables making up the experi- 
mental treatment are clearly and solely responsible for the difference. 
We still come back to the same conclusion that statistics are only a tool 
and can never make up for poor experimental design and technique. 
These tests of significance of a statistic such as the mean, median, 
or standard deviation, and of differences between statistics, should always 
be used in any type of visual research in which the investigator is 
interested in more than the performance of the immediate group of 
subjects or where his experimental design involves differences between 
groups. The current trend in statistical application is toward designing 
experiments with the tests of significance considered during the process 
of setting up the experiment, with a clear statement of what the 
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experimental variables are, which differences will be tested, and at 
what level of confidence the null hypothesis will be accepted or rejected. 
The level of confidence refers to the probability of the resulting differ- 
ence occurring by chance. If we say the difference between two groups 
is significant at the five per cent level of confidence, we mean that a 
difference of this magnitude is likely to occur once in every twenty 
comparable samples on the basis of chance fluctuations in the samples. 
Similarly for the one per cent level, the differences would occur once in 
a hundred samples on the basis of chance. Most small sample research- 
men are willing to accept the one per cent level as clearly refuting the 
null hypothesis. 

Comparison of differences by tests of significance is one of two 
important statistical techniques employed in research for the purposes 
of comparing groups. When we are dealing with two sets of measures 
on the same subjects or on matched subjects, the coefficient of correlation 
is commonly used for comparative purposes. The coefficient of correla- 
tion permits a quantitative description of the relationship between two 
sets of scores. For example, if the visual acuity measures and the 
static retinoscopic findings determined on the same subjects are correlated, 
we might find a value of ——-0.70. The minus sign indicates that the 
two measures are inversely related, and as visual acuity increases, the 
retinoscopy finding decreases. The 0.70 can not be interpreted as a per 
cent and does not mean that the relationship between the two is 70 per 
cent. If we disregard the sign of the correlation coefficient, the correlation 
coefficient or ‘‘r’’ varies between zero and one, with zero indicating no 
relationship, and one a perfect relationship in terms of the relative 
standing of the same subjects on both measures. Correlation may be 
interpreted in terms of the improvement over chance in predictive ability 
of one score from the other; with an r of 0.70 this amounts to 29 
per cent improvement. It may also be interpreted as the percentage of 
causal factors measured, in which case an r of 0.70 means that 49 
per cent (r*) of the causal factors have been measured. 

A group of variables may be combined and a multiple correlation 
indicating the relationship between one variable and any number of 
other variables may be computed. Both the simple and multiple cor- 
relation coefficients may be used in regression equations for predicting 
a criterion variable. In visual research, for example, it may be possible 
to determine the relationship between static refraction and other var- 
iables, and on the basis of these relationships set up a regression equation 
which would enable the optomeirist to substitute certain present 
measures in the equation and predict what the static refraction will be 
five years from now. 


CURRENT COMMENTS 


The partial correlation coefficient has definite advantages for any 
researcher attempting to separate the relationships between all the var- 
iables which are, or are thought to be, related to changes in refraction. 
Since it is usually quite difficult for the investigator to hold certain 
variables constant and experimentally vary others with respect to such 
a long changing process as refraction, the partial correlation technique 
permits the holding of certain variables statistically constant while the 
relationship between two variables is determined. In this manner, an 
estimate can be obtained of the relationship between two variables 
with all other variables held constant. 

All of these statistical tools are described in most textbooks on 
statistics, and their use adds a sufficient increase to the precision of an 
experiment to justify the effort which must be expended to master 
them. 
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Optometrists will confer a favor by sending news items of general interest for this 
department; such as relate to new instruments, clinical techniques, education, visual 
health and optometric legislation and organization. 


SPEAKERS AT TORONTO ACADEMY MEETING 

The program for the coming meeting of the Academy in Toronto 
is shaping up nicely. The Papers and Program Committee and the 
Section Chairman report that approximately 50 papers will be presented 
in the general sessions and at the Section meetings. It is evident in 
reviewing the list of speakers and their topics that this will be another 
great Academy meeting. The speakers and their subjects are: 


Dr. H. Ward Ewalt, “Three Case Reports of Reduced Acuity.’’ 

Dr. Max Schapero, ‘“The Effect of the ACA Ratio and Fixation Distance on the 
Angle of Anomaly.” 
Gordon G. Heath, ‘“The Components of Accommodation.” 
J. 1. Pascal, “The Method of Concordance in Affections of the Horizontal Recti.”’ 
Merton C. Flom, ‘A New Method for Measuring the Angle of Squint and the 
Angle of Anomaly.” 

. John C. Neill, “European Collaboration on Contact Lenses.”’ 
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. Monroe J. Hirsch, “An Evaluation of Scleral Tonometry—lIts Reliability, 
Validity and Clinical Use.” 

. Meredith W. Morgan, Jr., ‘Turville Infinity Binocular Balance Test.” 

. Henry W. Hofstetter, “A Case Study by Graphic Analysis.”’ 

. G. Maurice Belanger, ‘““Applied Optics and Prescription Writing.” 

. Ira Schwartz and Milton S. Katz, ‘Some Observations of the Pulfrich Stereo- 
phenomenon.” 

. Melvin C. Nadell and Monroe J. Hirsch, ‘““The Relationship of Birthplace of 
Parents and Grandparents to the Refractive Error of the Child.” 

. Howard F. Haines, “Assisting the Amblyopic Child.”’ 

. John Zettel and Neal J. Bailey, ‘Visual Training Decisions at the Consultation 
and Refracting Chair.” 

. John R. Kennedy, ‘‘Orthoptic Procedures in Exotropia, (Minus Lens Technique) .” 

. J. I. Pascal, “A Clarifying Note on Normal and Anamalous Correspondence.” 

. Merton C. Flom, “University of California Strabismus and Orthoptics Study.” 

. Harold Simmerman, “The Plotting of Glaucoma Fields'’"——-with demonstration 

. Ralph E. Wick, ‘“The Taking of Intraocular Tension, Scleral Method'’——with 
demonstration. 

. Harold Simmerman, ‘“The Taking of Intraocular Tension, Corneal Method’’— 
with demonstration. 

. Monroe J. Hirsch, “Optometric Procedure after the Diagnosis of Glaucoma has 
been made.” 

. Carel C. Koch, ‘‘National Interprofessional Committee on Eye Care suggestions 
for Referal of Patients.’ 

. Jay M. Enoch, “‘Descartes’ Contact Lens.”’ 

. Vincent Ellerbrock, ‘‘Fundus Photography—aAn Introduction.”’ 

. Paul Connolly, ‘Disappearance of Chronic Blepharitis."’ 

. Fred Sinn, “Optical Limitations in the Correction of Astigma.”’ 

. John Zettel, Jr., “Evolution and the Human Eye.” 

. Wm. G. Walton, Jr., “Analysis of One Thousand Consecutive Clinical Records.” 

. Irving Vics, “Case Reports on Subnormal Vision.” 

. Darrell B. Carter, “‘Changes in Fixation Disparity and Heterophoria During and 
After Wearing of Prism.” 

. Meredith W. Morgan, “The Stability of Heterophoria."’ 

. William P. Schumann, “The Practical Demonstration and Application of the 
Objective Determination of the Visual Acuity on the Basis of the Optikinetic 
Nystagmus.” 

Sylvester K. Guth, “‘Lighting Levels for the Forgotten Man.” 

. Francis A. Young. ““Myopes vs. Non-myopes, a Comparison.” 

. Merrill J. Allen, “The Stimulus to Accommodation and Some Practical Impli- 
cations. 

; os A. Fry, “Perceived Curvature of Surfaces Normal to the Primary Sagittal 
_ine. 

. Robert E. Bannon, ‘Physiological Factors in Multifocal Corrections." 

. Ingeborg Schmidt, “A Sign of Manifest Heterozygosity in Carriers of Color 
Deficiency." 


In addition the following members are scheduled to present papers 
on the General Program or at the Section meetings: 


Dr. I. Finkelstein, Dr. Richard Feinberg, Dr. Edward Steinberg, Dr. Herman 
Sager, Dr. John R. Wittekind, Dr. R. A. Sherman, Miss Jane Davis, Dr. Fred Jobe, 
Dr. Eugene Freeman and Dr. S. Howard Bartley.* 


The meeting will be held December 11-14, 1954, at the Royal 
York Hotel, Toronto, Ontario, Canada. Make your room reservations 
for this outstanding meeting at once. 


*For announcement of Banquet Speaker see page 497. 
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NECROLOGY 

Dr. Howard C. Doane, one of the great optometric leaders of the 
New England States passed away June 19 at his hore in Brookline, 
Massachusetts, where he and Mrs. Doane were living following his 
retirement. Among his many major contributions were the (1922- 
1926) national educational conferences which resulted in eliminating 
the proprietary optometric colleges which flourished prior to that time. 
Another of his early contributions had to do with the clinical correc- 
tion of aniseikonia. For the past 30 years Dr. Doane has been active 
in the Academy and his many friends in this organization will miss 
him greatly. 
NATIONAL COMMITTEE ON EYE CARE 

The National Interprofessional Committee on Eye Care met at 
the Waldorf Astoria, New York City, September 19. At this meeting 
the committee was reorganized to include bipartisan meetings and the 
name of the committee was shortened to the ‘National Committee on 
Eye Care.” Dr. Alson E. Braley, ophthalmologist and director of the 
Department of Ophthalmology, University of lowa, lowa City, was 
named chairman. The new vice-chairmen are, Dr. H. Ward Ewalt, 
optometrist, Pittsburgh; Mr. Norman A. MacLeod, vice-president 


MacLeod Optical Company, Providence, and Dr. William F. Hughes, 
Jr., ophthalmologist, Chicago. Dr. Carel C. Koch, optometrist, Min- 
neapolis, was reelected secretary-treasurer. 


The committee accepted with regret the resignations of two 
opticianry members, Mr. Leslie W. Myers, Minneapolis and Mr. Henry 
Carpenter, Syracuse, and of an ophthalmologist member Dr. Arthur 
M. Culler who had served as chairman of the committee. 

Dr. Hughes was appointed to take the place of Dr. Culler who 
resigned because of illness. Mr. Edward A. Dietz, Dietz Optical Com- 
pany, Fort Worth, Texas, and Mr. Russell L. Stimson, Superior 
Optical Company, Los Angeles, are the newly appointed members for 
opticianry. 

Under the reorganized program the members of the committee 
are: For optometry, Dr. H. Ward Ewalt, Jr., Pittsburgh; Dr. William 
C. Ezell, Spartanberg; Dr. Herbert C. Mote, Columbus and Dr. Carel 
C. Koch, Minneapolis. For ophthalmology, Dr. Alson E. Braley, lowa 
City; Dr. Frederick C. Cordes, San Francisco; Dr. A. Gerard DeVoe, 
New York City and Dr. William F. Hughes, Chicago. For opticianry, 
Mr. P. E. Dempsey, Toledo; Mr. Edward A. Dietz, Fort Worth: 
Mr. Norman A. MacLeod, Providence and Mr. Rusesll L. Stimson, 
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Los Angeles. Special members, Dr. Franklin M. Foote, Director, 
National Society for the Prevention of Blindness, New York City, 
and Dr. Henry A. Imus, Office of Naval Research, Washington, D. C. 

The next meeting of the committee is scheduled for the Spring 
of 1955. 


U OF C OPTOMETRY ALUMNI ASSOCIATION TO MEET 

The Optometry Alumni Association of the University of Cali- 
fornia will hold its fourth annual educational meeting and reunion in 
Berkeley on October 30 - November 1. An outstanding educational 
program of lectures, seminars, and demonstration clinics has been 
arranged for this meeting, and several other activities have been scheduled 
for the entertainment of those attending the two-day session. 

A number of demonstration clinics and seminars in various 
phases of optometry will be held on Saturday morning. The enthusiastic 
reception given the seminars of last year’s meeting has led to the addition 
of several new topics for clinical demonstration and discussion in this 
year's program. Seminar subjects will be Contact lenses, Aniseikonia, 
Turville test, Recent clinical advances, School surveys, Subnormal 
vision, Squint orthoptics, Nonsquint orthoptics and Pathology. 

A special seating section in Memorial Stadium has been reserved 
for those who wish to attend the UC-UCLA football game on Satur- 
day afternoon. Following the game, a party will be held in the Men's 
Faculty Club on the campus. 

Sunday morning and afternoon will be devoted to educational 
sessions in Dwinelle Hall on the campus. The staff of the Division of 
Ophthalmology of the U. C. Medical School will present a series of 
lectures on ocular pathology and the recognition of eye diseases. 
Speakers will include Dr. Frederick C Cordes, Dr. Michael J. Hogan, 
Dr. David Harrington, and Dr. Robert Shaffer. 

Other events scheduled for Sunday include luncheon at the 
Men's Faculty Club, a coffee hour in the beautiful new Alumni House, 
and an evening banquet at the Claremont Hotel. Although the banquet 
will officially conclude the meeting, additional clinical seminars will 
be held on Monday morning at the School of Optometry for those who 
remain an extra day. 


NEW FACULTY AT HOUSTON 

Five new appointments to the faculty of the University of 
Houston's College of Optometry have been announced by Dr. Charles 
R. Stewart, dean of the college. 

Dr. Chester H. Pheiffer has been appointed to the position of 
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associate professor of optometry. Dr. Pheiifer received his A.B. degree 
at the University of Louisville and his Ph.D. degree at Ohio State 
University in 1949 in Psychology. Dr. Pheiffer will teach the course 
in visual psychology. 

Dr. Darrell B. Carter, assistant professor of optometry, is teaching 
courses in Physiological Optics and directing the orthoptics and visual 
training program. Dr. Carter received the O.D. degree from Los Angeles 
College of Optometry in 1948 and a B.S. degree in Psychology from 
U. C. L. A. in 1950. From 1950 to 1954, Dr. Carter was graduate 
student in Physiological Optics and a research fellow of the American 
Optometric Foundation at the University of California School of 
Optometry. 

The three new instructors in optometry include Dr. Jess B. 
Eskridge, 1954 graduate of the University of California School of 
Optometry; Dr. Jack G. Daubs, 1954 graduate of the Pennsylvania 
State College of Optometry, and Dr. Troy E. Fannin, a graduate of 
the Ohio State University School of Optometry, class of 1952. 


NEWS BRIEFS 

During the past month the Univis Lens Company has announced 
that they are entering the ophthalmic frame field. The new Univis 
frames will be made in the Bay-State Optical Company plant in West- 
bury, Long Island and these frames will represent both Bay-State and 
new Univis frame designs. . . . The new Fink Near Vision Test Book 
is a handy chart for testing the patients ability to read and for taking 
the amplitude of accommodation and the patients near-point. The book 
is very well put together. It is easy for the patient to hold and is 
washable if soiled in using. The book differs from most near-point 
reading test books in having only one size of type on each page. For a 
copy of this 11 page book, write to the Benson Optical Company, 
Medical Arts Building, Minneapolis 2, Minnesota. . . . Bausch & Lomb 
reports that during last year they produced more than 3,000 Cinema- 
Scope anamorphic projection lenses for Twentieth Century Fox theatres. 
The cost of these lenses was approximately $1,000 each. . . . Rochester, 
New York, observed the 100th birthday anniversary of Mr. Edward 
Bausch on September 26. Edward Bausch was the eldest son of Mr. 
John J. Bausch, founder of the Bausch & Lomb Optical Company. 
During his many years of association with the company Edward 
Bausch develeoped the famous B. & L. microscope line and made its high 
precision mass production possible. Edward Bausch died in 1944... . 
The Disabled American Veterans organization of New Jersey has 
appointed Dr. Norbert Kastner, Millburn, to the post of State Optome- 
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trist. .. . Dr. Ralph E. Wick, Rapid City, will be one of the speakers 
at the October 17-18 meeting of the Ohio State Optometric Association 


in Akron. . . . During the summer Charm magazine pointed up the 
need for proper eye care and the fact that glasses can be an important 
and attractive part of a women’s fashion wardrobe. . . . Dr. Charles J. 


Kruger, and school principal Hazel Linderman, Vermillion, South 
Dakota, conducted a public service broadcast on vision over K.U.S.D., 
the University of South Dakota radio station in September. 


DVORINE PSEUDO-ISOCHROMATIC PLATES APPROVED 

The Council on Physical Medicine and Rehabilitation of the 
American Medical Association has accepted the Second Edition of the 
Dvorine Pseudo-Isochromatic Plates. These plates are devised as a test 
for color blindness and are arranged in a loose-leaf binder in two sections. 
The test is of particular value in detecting red-green blindness. The 
designer of the plates, Dr. I. Dvorine, is a Fellow of the Academy who 
is in optometric practice at 2328 Eutaw Place, Baltimore 17, Maryland. 


FINANCING MEDICAL EDUCATION 

According to Straus,' who quotes Bird,? deficit financing of medi- 
cal schools has been an established and accepted fact for many years. 
Tuition charged to medical students has not paid their educational bill 
and increasingly pays a smaller part each year. The deficit has thus 
far been met in state medical schools through government subsidy and 
in private schools through gifts, endowments and, increasingly, govern- 
ment grants. Since the costs of medical education will probably con- 
tinue to rise and private sources of funds will probably continue to 
decrease, it seems likely to Bird that eventually only State schools will 
be able to pay their bills. 

As one who believes that the continuation of private medical educa- 
tion is highly desirable, Bird suggests that the medical profession pay 
its own way. Tuition cannot be increased sufficiently to meet costs 
without limiting medical education to the sons of the rich, obviously an 
undesirable situation. He notes that practicing doctors are among the 
higher income groups; yet all have received public support amounting 
to funds required to defray the cost of their medical education above 
the tuition paid. He proposes as an alternative that the medical student, 
as a potential earner, borrow the funds from his school and repay them 
after graduation. 

Bird believes that this procedure would not drive students away 


1. William L. Straus, Jr., Science, 120.3122, page 5A, 1954. 
2. Brian Bird, J. Med. Educ., 29.6.35, 1954. 


— 4 > — 
‘ 
4 
7 
551 


CURRENT COMMENTS 


from private schools but that, on the contrary, it would attract the 
most eager, most self-respecting students. It is his opinion, furthermore, 
that any plan which would allow the physician the respectability of 
financing his own education would be a great deterrent to the State 
control of medicine. Further, the schools would have sufficient funds to 
pay their faculties proper salaries. Straus claims that Bird realizes that 
there are many other arguments on the subject of financing medical 
schools. He believes, however, that whatever the approach to the 
problem, the one significant question must be kept clearly evident: ‘‘Is 
there any real reason why doctors should not finance their own 


education?” 


SECOND WESTERN REGIONAL CONFERENCE OF ACADEMY 


The second Western Regional Conference of the American 
Academy of Optometry will be held at Founder's Hall, University of 
Southern California on April 16-17, 1955, under the auspices of the 
Southern California Chapter. 

Dr. F. Charles Johnson, Monrovia, and Dr. Henry A. Jankiewicz 
of the Los Angeles College of Optometry are general co-chairmen, and 
extend an invitation to all Academy members and undergraduate 
students of optometry, and especially to those Academy members not 
affiliated with any chapter to attend. 

The large attendance and fine program at the first Western 
Regional Conference at Berkley in 1954 has shown conclusively that 
there is a demand for a Western Regional Conference and the members 
of the Southern California Chapter are anticipating as generous a 
support as was given the first conference. 

Dr. Henry A. Knoll, Dean of the Los Angeles College of 
Optometry, is Papers Chairman and extends an invitation to all inter- 
ested to contribute from their knowledge and experience for the benefit 
of the profession. 


cot 

552 


CATALOG NO. 100 


42 (44 x 37) 18, 20, 22, 24 
: ae 44 (46 x 39) 20, 22, 24, 26 
KEYHOLE | 46 (48 x 41) 20, 22, 24, 26 


COLORS 
Available Now in Slate on 
Crystal, Bark on Crystal, and 
Ebony on Crystal. 


Use Mansfield Square Pattern 


1/10 12K Gold-Filled with Zyl Tip 


NEW VERSATILE VERSATILE — Also fits Manbrow, Hi-Bar Manbrow, 
any five-barrel “mitered joint” frame. 


263. New Modern Tapering Flow Design 
EMPIRE TEMPLES Permanent Tip — won't loosen or turn 


AND i | The NASSAU is made in its entirety by Uni- 
versal — manufacturers of fine frames of 


BETTER B gold-filled and zyl for nearly 50 years. 


OPTICAL COMPANY 


72 WEYBOSSET ST., PROVIDENCE, 1. 
OFFICES: LOS ANGELES © ATLANTA 


» 


MANUFACTURERS OF FINE SPECTACLE WEAR IN GOLD-FILLED AND PLASTIC FOR NEARLY A HALF CENTURY 
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For Years, This Card Has 
Introduced Genuine... . 


LE 
THERMINOT, 


“A” Bifocal Single Vision 


THERMINON LENSES 


NOW this famous line 
Therminon Lens Corporation: Manufac- 
turers of Therminon Ophthalmic Lenses, includes the new F-T 


and Midwest factory representative of . 
Duroloid Optical Company. (Flat-Top) Bifocal. 


NOW you can prescribe from a 


THERMINON LENS CORP. complete line of America's finest 


63rd and University Avenue, Des Moines, lows absorptive lenses. 


The 
RONSIR 


(designed by Shuron 


An all-round masculine frame with smart 
styling and dependable precision construction. 


AVAILABLE IN. 42 44 46 48 Eyes 18 20 22 24 Bridges 


fohnion Optical Company 


Branch Laboratory Main Office and Laboratory 
526 Board of Trade Bidg. 30! Physicians and Surgeons Bidg. 
DULUTH, MINN. MINNEAPOLIS . 3193 
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NEW BUILDING 


IN TECHNOLOGY CENTER 
3243 S$. MICHIGAN AVENUE @ CHICAGO, ILL. 


Affords optometry students the extra-cur- 
ricular and social stimulus of associating 
on a large campus with more than 9,000 
students and research workers, pursuing a 
wide variety of curricula and engaged in 
research projects. Chicago College of Op- 
tometry remains autonomous, free to con- 
tinue offering a high standard of instruc- 
tion specially designed for preparation in 
optometry. 


Brand new dormitories, apartments and 
many other modern facilities are available 
on the campus. 

Doctor of Optometry degree in three years 


of professional studies. Entrance require- 
ments: 60 acceptable Liberal Arts credits 


Optometrist’s 
Practice 
increased jy 
Home Training 


FACTS ABOUT A 
BUSY OFFICE 


“PROTECTS MY REPUTATION. No 
optometrist can afford to have a patient 
tell friends that she can’t wear his pre- 
scription with comfort. Even with the 
most accurate refraction, a patient may 
have severe difficulty in cases such as 
imbalance, suppressions, accommodation 
deficiency, getting used to bifocals. 


in required courses. 


REGISTRATION NOW OPEN 
CHICAGO COLLEGE OF OPTOMTERY 


3243 S. Michigan Ave., Chicago 16, Ill. 


“THESE CASES NEED TRAINING, 
although some patients are not able to 
come into the office for it. However every 
ease needing visual training is getting 
it, by home training when necessary. 

“RESULTS ARE BETTER. When 
home training is used to supplement 
office training, I’ve found that training 
time is cut thirty per cent. It helps im- 
mensely to form new habit patterns when 
the patient does training every day—or 
several times a day. The result is far 
faster improvement than is possible with 
office training only. 


FREE NEW 
PUBLIC RELATIONS 
FILM BY B.V.I. 


Available on Request 


“THE MAGIC PATHWAY” 


Two Reels, 16 MM « Full Color + Narration and Music 
20 Min. Running Time + Works With Any Stenderd Projector 


“INSTRUCTIONS ARE SIMPLE. 
Since Keystone recently revised and sim- 
plified the Patient’s Manual, every one 
of my patients has been able to follow 
the instructions easily with good results. 


“And the Keystone Prescriptions cir- 
cular gives the optometrist clear infor- 
mation on the conditions which have 
responded to home training, and the 
service to use for each case.” 

KEYSTONE VIEW CO., MEADVILLE, PA. 7 
Please send “Keystoné Prescriptions,” tell- 
| ing the conditions for which optometrists are 


TTR TICTT using Home Training successfully. 


229 Medical Arts Bldg, Minneapolis Minn (Name) 
(Address) 


The Better Vision Institute has prepared this movie 
to do an educational and opinion-molding job for 
you. As a service to our customers, Walman Optical 
Company has secured prints of this movie and offers 
it to you without charge. A booklet ee 
explaining the movie has been prepared 
by B.V.I. We will be happy to send you 
a copy upon your request. 
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HISTORY 
of 


THE WOMAN’S AUXILIARY 


to The American Optometric 
Association 


This book is a report and review of the 
activities of this organization during its 
first 25 years, 1927-1951. It has been 
written and compiled by Mrs. William C. 
Ezell of Spartanburg, South Carolina, a 
past-president of the Auxiliary. 


This 146 page volume presents the pro- 
gram and the accomplishments of the 
Auxiliary in its earliest years and up to 
the present time. It supplies valuable 
historical background material on op- 
tometry during this period. The Book 
should be in every optometrist’s library. 


146 pages, cloth bound 
$3.00 postpaid 
Send orders with check, direct to: 


The Womans Auxiliary to 
The American Optometric Association 
Mrs. Roy E. Denny, Historian 
971 West Drive Woodruff Place 
Indianapolis, Indiana 


HERING’S— 
SPATIAL SENSE and 
MOVEMENTS OF THE EYE 


The only English translation, by Carl A. 
Radde, O.D., F.A.A.O. 

An authoritative text presenting the funda- 
mentals of binocular vision and ocular 
movements. 


From the original German—a valuable ad- 
dition to a library dealing with physiolog- 
ical optics. Prepared as an Academy proj- 
ect. 


Bound in cloth . . . Mailed prepaid, $4. 


AMERICAN ACADEMY OF OPTOMETRY 
Foshay Tower Minneapolis 2, Minn. 


P. A. B. S. 


An Authorized Binding 


for 


AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF 
AMERICAN ACADEMY OF OPTOMETRY 


Arrangements have been made by The American Academy of 
Optometry for subscribers to have their journals bound into 
distinctively designed books. 


Twelve issues, January through December, bound in best grade dark spruce 
washable buckram, imprinted with your name on cover, cost but $3.45 per 


volume. 


Bound journals serve as an immediate reference for research ana information. 
Properly displayed, they create a psychological impact on the patient, implying 
the time and effort spent to keep up-to-date on the most modern techniques 
and treatments. 

Ship journals parcel post. Within thirty days after receipts, bound volumes will 
be shipped prepaid anywhere in the U.S.A. Fuil remittance must accompany 


order. 
PUBLISHERS’ AUTHORIZED BINDERY SERVICE 
(Binders of all Journals) 


308 West Randolph Street Chicago 6, Illinois 
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TWO OF THE FINEST FRAMES 


RIM 


LEADING LADY 


There's an air of elegance about the 
Art-Rim Leading Lady that accounts 
for its wide popularity as a frame for 
women. New patterned zyls and rich 
solid colors offer a wide range in fii- 
ting. Available in a variety of beauti- 
ful trims. Model shown with Royal 
Baquette trim. 


Colors: Briartone, Demi-Blonde, Bronze, 
Blue Mesh, Coca Mesh, Black Marble, Black 
& White, Black & Pink, Blue Slate & White. 


621 West Lake Street 


TOWNSMAN 

The ‘‘go-with everything’ rightness 
of the Art-Rim Townsman is an im- 
portant factor in its universal appeal. 
its distinctive, clean-cut, casual styling 
blends with all the clothes and pursuits 
of daily living. Rarely does a single 
frame offer such complete satisfac- 
tion... for patient . . . for you! 
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Geared for your patient’s 
multiple visual and 
Style requirements... 


Shuron’s Professional Visual Program 
(PVP) advocates a broader professional 
service to meet every patient's multiple 
visual and style requirements . . . in 
Occupation, Recreation and Social Life. 
Likewise, it assists the visual specialist 
in sustaining and expanding his 
professional reputation. 


PVP endorses three 
basic principles 
recognized as 
essential to more 
comprehensive 


visual service: 


1. Analyze patient's daily routine to 
determine full extent of visual 
tasks in Occupation, Recreation 
and Social Life. 


2. Prescribe lenses for most efficient 
and comfortable vision for specific 
visual tasks. 

3. Prescribe a wardrobe of frame 
and mounting styles appropriate 
to functional use. 


Shuron offers the following professional 
tools to make PVP work for you: 


“Vision Unlimited’’ booklet, available 
in quantity with your imprint. 


@ The Two-Suiter 


@ The Two-Some 


SHURON OPTICAL COMPANY, INC., GENEVA, NEW YORK 4 
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